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Resumen 
La	   presente	   memoria	   de	   tesis,	   aborda	   de	   un	   modo	   interdisciplinar	   y	   holístico	   el	   uso	   de	  
estrategias	   de	   juego	   (conocidas	   como	   gamificación)	   para	   incrementar	   la	   motivación	   del	  
estudiante	   universitario	   usando	   las	   denominadas	   TEL	   (Technology	   Enhanced	   Learning).	   Con	   el	  
uso	  de	  este	   tipo	  de	   tecnologías	   (entre	   las	  que	   se	  podrían	  encontrar	   la	  Realidad	  Virtual,	  RV;	   la	  
Realidad	   Aumentada,	   RA;	   métodos	   híbridos	   de	   presentación,	   etc)	   se	   pretende	   conseguir	   un	  
modo	  más	  eficaz,	  eficiente	  y	  satisfactorio	  en	  la	  adquisición	  de	  determinadas	  competencias.	  	  	  
	  
Este	  planteamiento	  basado	  en	  técnicas	  de	  investigación	  ligadas	  a	  la	  eXperiencia	  de	  Usuario	  (UX),	  
se	  focaliza	  en	  mejorar	  el	  rendimiento	  académico	  (curriculum)	  de	  los	  alumnos	  objeto	  de	  estudio:	  
estudiantes	   de	   1er	   y	   2º	   año	   de	   los	   grados	   de	   Arquitectura,	   Ciencias	   y	   Tecnologías	   de	   la	  
Construcción	  e	  Ingeniería	  Multimedia	  (La	  Salle	  Campus	  Barcelona,	  Universitat	  Ramon	  Llull).	  
	  
La	  tesis	  comienza	  definiendo	  los	  objetivos	  e	  hipótesis	  de	  trabajo,	  para	  a	  continuación	  analizar	  las	  
metodologías	   del	   aprendizaje	   y	   de	   la	   educación,	   y	   presentar	   la	   metodología	   empleada	   en	   la	  
investigación.	   Seguidamente	   se	   centra	   en	   los	   aspectos	   de	   la	   evaluación	   de	   la	   motivación,	   la	  
tecnología	  TEL	  y	  la	  gamificación	  aplicada	  en	  la	  educación.	  
	  
Se	  han	  desarrollado	  diferentes	  casos	  de	  estudio	  en	  las	  materias	  de	  Herramientas	  Informáticas	  I	  -­‐	  
II	   y	   Animación	   por	   Ordenador	   I	   -­‐	   II	   de	   las	   áreas	   anteriormente	   indicadas.	   Dichas	   materias	  
comparten	  una	  serie	  de	  competencias	  transversales:	  capacidad	  espacial,	  trabajo	  autónomo	  y	  en	  
equipo,	   habilidad	   informática,	   visualización	   tridimensional.	   La	   introducción	   de	   métodos	  
gamificados	   para	   la	   mejora	   en	   la	   adquisición	   de	   dichas	   competencias	   y	   la	   evaluación	   de	   los	  
sistemas	  tecnológicos	  utilizados	  para	  su	  consecución,	  es	  sin	  duda	  alguna,	  el	  hecho	  diferencial	  e	  
innovador	  de	  esta	  tesis.	  
	  
Los	  artículos	  presentados	  por	  compendio	  en	  esta	   tesis	   son	  un	  claro	  ejemplo	  de	   los	   resultados	  
obtenidos.	   En	   ellos	   se	   puede	   observar,	   como	   el	   uso	   conjunto	   de	   mecánicas	   de	   juego	   y	  
tecnologías	   avanzadas	   de	   visualización	   generan	   una	   mayor	   motivación	   del	   estudiante.	   Estos	  
resultados	  conllevan	  una	  más	  rápida	  y	  mejor	  adquisición	  de	  las	  competencias	  lo	  cual	  se	  correla	  
directamente	  con	  una	  mejora	  curricular.	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Resum 
La	  present	  memòria	  de	  tesi,	  aborda	  d'un	  mode	  interdisciplinar	  i	  holístic	  l'ús	  d'estratègies	  de	  joc	  
(conegudes	  com	  gamificació)	  per	   incrementar	   la	  motivació	  de	   l'estudiant	  universitari	  usant	   les	  
anomenades	  TEL	  (Technology	  Enhanced	  Learning).	  Amb	  l'ús	  d'aquest	  tipus	  de	  tecnologies	  (entre	  
les	  que	  es	  podrien	  trobar	  la	  Realitat	  Virtual,	  RV,	  la	  Realitat	  Augmentada,	  RA;	  mètodes	  híbrids	  de	  
presentació,	  etc.)	  es	  pretén	  aconseguir	  una	  manera	  de	  fer	  més	  eficaç,	  eficient	  i	  satisfactoria	  en	  
l'adquisició	  de	  determinades	  competències.	  	  
	  
Aquest	  plantejament	  basat	  en	  tècniques	  d'investigació	   lligades	  a	   l'experiència	  d'usuari	   (UX),	  es	  
focalitza	   en	   millorar	   el	   rendiment	   acadèmic	   (currículum)	   dels	   alumnes	   objecte	   d'estudi:	  
estudiants	   de	   1r	   i	   2n	   any	   dels	   graus	   d'Arquitectura,	   Ciències	   i	   Tecnologies	   de	   la	   Construcció	   i	  
Enginyeria	  Multimèdia	  (La	  Salle	  Campus	  Barcelona,	  Universitat	  Ramon	  Llull).	  
	  
La	   tesi	   comença	   definint	   els	   objectius	   i	   hipòtesis	   de	   treball,	   per	   a	   continuació	   analitzar	   les	  
metodologies	   de	   l'aprenentatge	   i	   de	   l'educació,	   i	   presentar	   la	   metodologia	   emprada	   en	   la	  
investigació.	  Seguidament	  es	  centra	  en	  els	  aspectes	  de	  l'avaluació	  de	  la	  motivació,	  la	  tecnologia	  
TEL	  i	  la	  gamificació	  aplicada	  a	  l'educació.	  
	  
S'han	   desenvolupat	   diferents	   casos	   d'estudi	   en	   les	   matèries	   d'Eines	   Informàtiques	   I	   -­‐	   II	   i	  
Animació	   per	   Ordinador	   I	   -­‐	   II	   de	   les	   àrees	   anteriorment	   indicades.	   Aquestes	   matèries	  
comparteixen	  una	  sèrie	  de	  competències	   transversals:	  capacitat	  espacial,	   treball	  autònom	  i	  en	  
equip,	   habilitat	   informàtica,	   visualització	   tridimensional.	   La	   introducció	  de	  mètodes	   gamificats	  
per	  a	   la	  millora	  en	   l'adquisició	  d'aquestes	   competències	   i	   l'avaluació	  dels	   sistemes	   tecnològics	  
utilitzats	  per	   a	   la	   seva	   consecució,	   és	   sens	  dubte,	   el	   fet	  diferencial	   i	   innovador	  d'aquesta	   tesi.	  
Els	   articles	   presentats	   per	   compendi	   en	   aquesta	   tesi	   són	   un	   clar	   exemple	   dels	   resultats	  
obtinguts.	   En	   ells	   es	   pot	   observar,	   com	   l'ús	   conjunt	   de	   mecàniques	   de	   joc	   i	   tecnologies	  
avançades	   de	   visualització	   generen	   una	   major	   motivació	   de	   l'estudiant.	   Aquests	   resultats	  
comporten	   una	   més	   ràpida	   i	   millor	   adquisició	   de	   les	   competències	   on	   es	   comproba	   una	  
correlació	  directa	  d’una	  millora	  curricular.	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Abstract 
This	  PhD	  dissertation	  addresses	  an	   interdisciplinary	  and	  holistic	  manner	  using	  game	  strategies	  
(known	   as	   gamificación)	   to	   increase	   the	  motivation	   of	   college	   student	   using	   TEL	   (Technology	  
Enhanced	   Learning).	  With	   the	   use	   of	   these	   technologies	   (among	   them	   could	   find	   the	   Virtual	  
Reality,	  RV,	  Augmented	  Reality,	  RA;	  hybrid	  methods	  of	  presentation,	  etc)	   is	   to	  achieve	  a	  more	  
effective,	  efficient	  and	  satisfactory	  manner	  in	  the	  acquisition	  of	  certain	  competences.	  	  
	  
This	   research	   based	   on	   techniques	   related	   to	   user	   experience	   (UX)	   approach	   focuses	   on	  
improving	   academic	   performance	   (curriculum)	   of	   students	   under	   study:	   students	   1st	   and	   2nd	  
year	  of	   the	  Degree	  of	  Architecture,	  Building	  Engineering	  and	  Multimedia	  Engineering	   (La	  Salle	  
Campus	  Barcelona,	  Universitat	  Ramon	  Llull).	  
	  
The	   thesis	   begins	   defining	   the	   objectives	   and	   working	   hypotheses,	   then	   analyze	   the	  
methodologies	  of	  learning	  and	  education,	  and	  the	  methodology	  used	  in	  the	  investigation.	  Then	  
it	   focuses	   on	   aspects	   of	   assessing	   motivation,	   TEL	   and	   gamification	   technology	   applied	   in	  
education.	  
	  
They	  have	  developed	  different	   case	   studies	   in	   the	  areas	  of	   software	   tools	   I	   -­‐	   II	   and	  Computer	  
Animation	   I	   -­‐	   II	  of	   the	  areas	   indicated	  above.	  These	  materials	  have	  a	  number	  of	  generic	   skills:	  
spatial	   ability,	   autonomous	   and	   team	   work,	   computer	   skills,	   three-­‐dimensional	   visualization.	  
Gamification	   methods	   for	   acquiring	   these	   skills	   and	   assessment	   of	   technological	   systems	  
undoubtedly	  innovative	  differential	  fact	  of	  this	  thesis.	  
	  
The	  papers	  presented	  in	  this	  thesis	  by	  compendium	  are	  a	  clear	  example	  of	  the	  results	  obtained.	  
These	  papers	  explain	  how	  game	  mechanics	  and	  advanced	  display	  technologies	  generate	  greater	  
student	  motivation.	  These	  results	  imply	  a	  faster	  and	  better	  acquisition	  of	  skills	  which	  are	  directly	  
correlates	  with	  curriculum	  improvement.	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Tesis doctoral por compendio de 
publicaciones 
La	   presente	   tesis	   doctoral	   se	   acoge	   a	   la	   normativa	   para	   la	   elaboración	   de	   tesis	   doctorales	  
por	   compendio	   de	   publicaciones	   de	   la	   Universitat	   Ramon	   Llull.	   La	   normativa	   consta	  
de	  los	  siguientes	  puntos:	  
	  
	  
1. Una	  tesis	  doctoral	  por	  compendio	  de	  publicaciones	  tiene	  que	  estar	  formada	  por	  
un	  mínimo	  de	  tres	  artículos	  sobre	  una	  misma	  línea	  de	  investigación.	  
	  
2. Solo	   se	   aceptarán	   artículos	   de	   publicaciones	   que	   dispongan	   de	   un	   sistema	   de	  
evaluación	  por	  peer	  review	  y/o	  que	  estén	  indexadas	  preferentemente	  en	  bases	  
de	  datos	  científicas	  internacionales.	  
	  
3. Solo	   se	   aceptarán	   artículos	   publicados,	   o	   aceptados	   para	   su	   publicación,	  
realizados	  con	   fecha	  posterior	  a	   la	  primera	  matriculación	  del	  doctorando	  a	   los	  
estudios	  de	  doctorado	  o	  máster	  oficial.	  
	  
4. Los	  coautores	  de	  los	  artículos	  publicados	  darán	  su	  conformidad	  por	  escrito	  a	  la	  
utilización	  del	  artículo	  como	  parte	  de	  la	  tesis	  del	  doctorando.	  
	  
5. Los	   coautores	  de	   los	   artículos	  publicados	  no	   formarán	  parte	  del	   tribunal	  de	   la	  
tesis.	  
	  
6. Los	  coautores	  de	  los	  artículos	  publicados	  y	  utilizados	  en	  una	  tesis	  que	  no	  tengan	  
el	  grado	  de	  doctor	  renunciarán	  por	  escrito	  a	  utilizar	  el	  artículo	  en	  otra	  tesis.	  En	  
el	   supuesto	   de	   que	   los	   artículos	   publicados	   sean	   de	   más	   de	   un	   equipo	   de	  
investigación,	   la	   comisión	   de	   doctorado	   del	   centro	   podrá	   considerar	  
excepciones	  justificadas	  en	  la	  aplicación	  de	  esta	  norma.	  
	  
7. La	   tesis	   contará	   con	   una	   introducción	   general	   que	   presente	   los	   trabajos	  
publicados,	   una	   justificación	  de	   la	  unidad	   temática,	   una	   copia	  de	   cada	   trabajo	  
publicado,	  un	  resumen	  global	  de	  los	  resultados,	  su	  discusión	  y	  las	  conclusiones	  
finales.	  
	  
8. Por	  todo	  el	  citado	  anteriormente,	  se	  tendrá	  que	  presentar	  siempre,	  al	  inicio	  del	  
proceso	  de	  la	  tesis,	  una	  solicitud	  formal	  a	  la	  comisión	  de	  doctorado	  del	  centro	  y	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   su	   aceptación	   favorable.	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   comisión	   velará	   por	   la	   calidad	   de	   las	  
publicaciones	   que	   se	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   para	   la	   tesis.	   A	   la	   solicitud	   se	   añadirá	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   un	   informe	   del	   director	   de	   la	   tesis	   indicando	   qué	   es	   la	   contribución	  
específica	  del	  doctorando	  al	  trabajo	  presentado	  y	   la	  del	  resto	  de	  autores,	  si	  se	  
tercia.	  Se	  tendrá	  que	  presentar	  el	  acta	  de	  aprobación	  de	  la	  comisión	  del	  centro	  a	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1	  
1 Introducción, hipótesis y objetivos 
Tal	  y	  como	  hemos	  presentado	  previamente	  esta	  tesis	  aborda	  un	  enfoque	  holístico	  del	  uso	  de	  la	  
gamificación	  para	   incrementar	   la	  motivación	  del	  estudiante	  universitario	  usando	   las	  TEL.	  En	  el	  
presente	   capítulo,	   realizaremos	   una	   descripción	   del	  marco	   de	   trabajo	   y	   la	  motivación	   que	   ha	  
llevado	   a	   la	   realización	   de	   esta	   investigación,	   a	   continuación	   describiremos	   las	   hipótesis	   de	  
trabajo	   y	   los	   objetivos	   analizados	   para	   demostrar	   la	   validez	   de	   las	   mismas,	   y	   finalmente	  
presentaremos	  la	  organización	  de	  este	  documento.	  
	  
1.1 Motivación	  y	  marco	  del	  trabajo	  
	  
La	   presente	   tesis	   parte	   de	   la	   línea	   de	   investigación	   iniciada	   por	   el	   Dr.	   David	   Fonseca	   y	   el	   Dr.	  
Jaume	   Duran	   en	   el	   2007,	   los	   cuales	   han	   definido	   estrategias	   de	   diseño	   y	   evaluación	   en	   la	  
inclusión	  docente	  de	  TEL	  en	  los	  campos	  de	  la	  Arquitectura	  y	  la	  Multimedia.	  Inicialmente	  se	  inicia	  
el	   Departamento	   de	   Tecnologías	   Audiovisuales	   de	   La	   Salle	   para	   a	   partir	   del	   2014	   quedar	  
circunscrita	   en	   el	   grupo	   emergente	   reconocido	   por	   la	   Generalitat	   de	   Catalunya	   denominado	  
Technologies	   Enhanced	   Learning	   (GRETEL).	   Así	  mismo,	   esta	   investigación	  ha	  obtenido	   soporte	  
para	   la	   publicación	   a	   partir	   del	   Subprograma	   de	   Proyectos	   de	   Investigación	   Fundamental	   no	  
orientada,	  convocatoria	  2012,	  EDU-­‐2012-­‐37247,	  gracias	  al	  apoyo	  del	  grupo	  interuniversitario	  de	  
investigación	  GILDA,	  del	  cual	  forma	  parte	  el	  Dr.	  Fonseca	  (tutor	  del	  trabajo).	  
	  
Los	   intereses	  y	  actividades	  de	   investigación	  en	  este	  periodo	  y	  en	  el	   futuro	  están	   íntimamente	  
ligados	  con	  la	  innovación	  docente	  y	  las	  estrategias	  para	  aumentar	  la	  motivación	  del	  estudiante.	  
La	  motivación,	  y	  en	  especial	   la	  satisfacción,	  no	  dejan	  de	  ser	  aspectos	  emocionales	  siendo	  este	  
campo	  de	  estudio	  uno	  de	  los	  emergentes	  a	  nivel	  de	  investigación	  educativa	  en	  los	  últimos	  años.	  
En	  esta	  dirección,	   el	   Plan	  Bolonia	  que	  posteriormente	  analizaremos	   con	  más	  detalle,	   indica	   la	  
necesidad	  de	  realizar	  un	  cambio	  docente	  centrado	  en	   la	  mejora	  de	   las	  competencias	  definidas	  
en	   los	   diversos	   planes	   de	   estudio.	   El	   cómo	   se	   mejoran	   dichas	   competencias	   usando	   ya	   sea	  
tecnologías	  y/o	  nuevas	  estrategias	  docentes,	  son	  áreas	  de	  fuerte	   interés	  tal	  y	  como	  se	  reflejar	  
de	   la	   gran	   cantidad	   de	   conferencias	   y	   revistas	   que	   versan	   sobre	   esta	   temática.	   La	   falta	   de	  
estudios	   previos	   en	   la	   inclusión	   de	   estas	   propuestas	   conjuntas,	   ha	   generado	   que	   en	   clases	  
sobretodo	  de	  tipo	  presencial,	  el	  plan	  Bolonia	  no	  se	  haya	  adaptado	  a	  los	  intereses	  y	  tiempos	  de	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trabajo	  de	  profesores	  y	  alumnos.	  La	  gamificación,	  aporta	  no	  solo	  un	  nuevo	  enfoque	  de	  trabajo	  
metodológico,	   sino	   que	   además	   permite	   mejorar	   procesos	   como	   la	   autoevaluación,	   gestión	  
docente,	  etc.	  Si	  a	  dicha	  metodología	  se	  le	  une	  la	  TEL,	  obtenemos	  un	  conjunto	  de	  trabajo	  que	  se	  
adapta	  a	  todo	  tipo	  de	  perfiles	  tan	  diversos	  como	  en	  nuestro	  caso	  los	  futuros	  arquitectos	  por	  un	  
lado,	  e	  ingenieros	  multimedia	  por	  el	  otro.	  
	  
1.2 Hipótesis	  y	  objetivos	  
	  
La	  principal	  hipótesis	  de	  esta	  tesis	  la	  situamos	  en	  si	  la	  incorporación	  de	  tecnologías	  mejoradas	  y	  
las	  mecánicas	  de	  juego	  en	  el	  ámbito	  docente	  de	  Arquitectura	  e	  Ingeniería	  Multimedia	  mejora	  la	  
motivación	  del	  estudiante	  y	  en	  consecuencia	  la	  adquisición	  de	  competencias	  y	  mejora	  curricular.	  
Para	  evaluar	  dicha	  hipótesis	  marcamos	  los	  siguientes	  objetivos	  de	  trabajo:	  
	  
	  
• Evaluación	   del	   perfil	   tecnológico	   del	   usuario	   y	   su	  motivación	   inicial	   delante	   de	   este	  
tipo	  de	  propuestas	  educativas.	   La	  presunción	  es	  que	  un	  alumno	  motivado	  adoptará	  y	  
usará	  mejor	  las	  propuestas	  y	  tecnologías,	  consiguiendo	  un	  mayor	  rendimiento.	  
	  
• Evaluación	   cuantitativa	   de	   la	   usabilidad	   de	   cada	   caso	   de	   estudio.	   La	   hipótesis	  
secundaria	  de	  trabajo	  es	  que	  si	  los	  métodos	  propuestos	  se	  adaptan	  a	  las	  necesidades	  y	  
perfiles	  de	  los	  alumnos,	  la	  consecución	  de	  los	  objetivos	  marcados	  en	  cada	  experimento	  
será	  mejor.	  Para	  el	  desarrollo	  de	  los	  test	  de	  usabilidad	  nos	  hemos	  basado	  en	  la	  norma	  
ISO	   9241-­‐117,	   que	   ofrece	   una	   serie	   de	   pautas	   de	   usabilidad	   que	   se	   centran	   en	   tres	  
parámetros:	  	  
	  
	  
• La	  eficacia,	  que	  se	  define	  como	  la	  capacidad	  del	  usuario	  para	  completar	   las	  tareas	  
durante	  el	  curso	  en	  relación	  con	  exactitud	  e	  integridad.	  	  
	  
• La	   eficiencia,	   que	   se	   define	   como	   el	   tiempo	   y	   los	   recursos	   realizados;	   a	   los	  
estudiantes	   se	   les	   hicieron	   preguntas	   relacionadas	   con	   el	   tiempo	   dedicado	   y	   el	  
esfuerzo	  para	  resolver	  un	  ejercicio.	  
	  
• La	  satisfacción,	  que	  se	  define	  como	  las	  reacciones	  subjetivas	  de	  los	  usuarios	  sobre	  el	  
curso.	  
	  
	  
• Inclusión	  de	  métodos	  de	  aprendizaje	  tecnológicos	  y	  gamificados.	  Siendo	  este	  objetivo	  
el	   que	   podríamos	   identificar	   como	   la	   aportación	   diferencial	   de	   esta	   tesis.	   Con	   este	  
objetivo	   se	   pretende	   diseñar	   métodos	   que	   permitan	   el	   aprendizaje	   de	   materias	  
relacionadas	  con	  la	  visualización	  3D	  y	  aumentar	  la	  motivación	  del	  estudiante.	  
	  
• Evaluación	  mixta	  (Cuantitativa	  y	  Cualitativa)	  final	  de	  la	  satisfacción	  del	  estudiante.	  Este	  
último	  objetivo,	  pretende	  aportar	  a	  nuestra	  hipótesis	  de	  trabajo	  inicial	  un	  nuevo	  punto	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  ISO/IEC.	  9241-­‐11	  1998. https://www.iso.org/obp/ui/ - iso:std:iso:9241:-11:en 
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de	   vista	   que	   clarifique	   las	   respuestas	   obtenidas	   por	   los	   métodos	   cuantitativos	   a	  
preguntas	   predeterminadas.	   Desde	   perspectivas	   socráticas	   mediante	   entrevistas	  
personales	   y	   encuestas	   cualitativas	   obtendremos	   un	   grado	   de	   precisión	   que	   nos	  
permitirá	  obtener	  conclusiones	  válidas	  científicamente	  hablando.	  
	  
	  
Para	  la	  adquisición	  de	  competencias	  y	  la	  mejora	  curricular	  nos	  centraremos	  en	  la	  adquisición	  de	  
las	  siguientes	  competencias	  instrumentales	  generales:	  
	  
	  
• Que	  los	  estudiantes	  tengan	  la	  capacidad	  de	  organizar	  y	  planificar	  eficaz	  y	  eficientemente	  
el	  trabajo.	  
	  
• Que	  los	  estudiantes	  tengan	  la	  capacidad	  de	  trabajo	  en	  equipo.	  
	  
• Que	  los	  estudiantes	  tengan	  la	  capacidad	  de	  diseñar	  y	  gestionar	  proyectos.	  
	  
	  
Además,	   evaluaremos	   las	   siguientes	   competencias	   específicas	   en	   las	   asignaturas	   de	  
Herramientas	  Informáticas	  1	  y	  2	  (7ECTS)	  de	  primer	  y	  segundo	  curso	  del	  grado	  en	  Arquitectura	  y	  
Ciencias	  de	  la	  edificación	  y	  su	  gestión	  en	  La	  Salle,	  Universidad	  Ramon	  Llull.	  
	  
	  
• Que	   los	   estudiantes	   tengan	   la	   capacidad	   de	   utilizar	   herramientas	   digitales	   para	   los	  
sistemas	  de	  representación.	  
	  
• Que	  los	  estudiantes	  tengan	  la	  capacidad	  de	  Ideación	  gráfica.	  
	  
• Que	  los	  estudiantes	  tengan	  la	  capacidad	  de	  Representación	  espacial.	  
	  
• Que	   los	   estudiantes	   tengan	   la	   capacidad	   de	   diseñar	   y	   crear	   proyectos,	   escenarios	   y	  
objetos	  para	  la	  visualización	  arquitectónica.	  
	  
	  
Evaluaremos	   las	   siguientes	   competencias	   específicas	   en	   las	   asignaturas	   de	   Animación	   por	  
Ordenador	   1	   (6	   ECTS)	   y	   2	   (5	   ECTS)	   de	   segundo	   y	   cuarto	   curso	   del	   grado	   en	   Ingeniería	   en	  
Multimedia	  en	  La	  Salle,	  Universidad	  Ramon	  Llull.	  
	  
	  
• Que	   los	   estudiantes	   tengan	   la	   capacidad	   de	   utilizar	   herramientas	   digitales	   para	   los	  
sistemas	  de	  representación.	  
	  
• Que	   los	  estudiantes	  dispongan	  de	  habilidades	  de	  gestión	  de	   la	   información	  y	  manejen	  
correctamente	  las	  herramientas	  informáticas	  en	  el	  campo	  de	  la	  animación.	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1.3 Aportación	  de	  la	  tesis	  
	  
Como	   hemos	   citado	   en	   los	   objetivos,	   la	   principal	   aportación	   en	   la	   tesis	   es	   la	   aplicación	   de	  
tecnología	  mejorada	   TEL	   para	   la	   educación	   combinada	   con	  mecánicas	   de	   juego	   denominadas	  
gamificación,	   incorporando	  técnicas	  provenientes	  del	  área	  de	   la	  creatividad	  y	  del	  pensamiento	  
de	  diseño	  (Design	  Thinking)	  (Brown,	  2008).	  Durante	  los	  dos	  últimos	  cursos,	  con	  el	  fin	  de	  centrar	  
el	   aprendizaje	   sobre	   las	   	   competencias	   transversales	   y	   profesionales	   (González,	   2012),	   se	   ha	  
trabajado	   con	   los	   estudiantes	   con	   estrategias	   de	   enseñanza	   y	   de	   aprendizaje	   basada	   en	  
proyectos	   y	   escenarios,	   utilizando	   para	   ello	   herramientas	   de	   gestión	   (LMS8)	   así	   como	   otras	  
aplicaciones	  2.0	  para	  la	  creación	  de	  entornos	  de	  aprendizaje	  gamificados9,	  y	  la	  incorporación	  del	  
diseño	  visual	  (Visual	  Design)	  (Ware,	  2008)	  y	  el	  pensamiento	  lúdico10	  (Gray,	  2012)	  al	  proceso	  de	  
enseñanza	   y	   aprendizaje.	   En	   todos	   los	   casos	   diseñados	   y	   aplicados	   se	   han	   relacionado	   la	  
concepción,	  creación	  y	  desarrollo	  de	  proyectos	  de	  animación	  por	  ordenador	  y	  de	  visualización	  
arquitectónica.	  	  
	   	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8	  LMS	  Learning	  Management	  Systems.	  En	  concreto	  para	  esta	  tesis	  el	  sistema	  Schoology.	  
9	  Glabs:	  Gestión	  gamificada.	  Publicado	  en	  CISTI	  (Villagrasa, 2014).	  
10	  La	  aplicación	  de	  mecánicas	  de	  juego	  denominada	  gamificación.	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1.4 Estructura	  de	  la	  tesis	  por	  compendio	  
	  
	  
Figura	  1.1.	  Esquema	  de	  la	  estructura	  de	  la	  investigación	  de	  la	  presente	  tesis.	  
	  
Tal	   como	   podemos	   ver	   en	   la	   Figura	   1.1.,	   la	   presente	   tesis	   se	   divide	   en	   tres	   bloques	   de	  
investigación.	   Un	   primer	   bloque	   donde	   se	   describen	   los	   estudios	   de	   perfil	   del	   usuario	   (el	  
estudiante)	  y	  el	  trabajo	  de	  los	  métodos	  de	  evaluación	  de	  la	  motivación	  para	  así	  poder	  medir	  de	  
un	   modo	   cuantitativo	   y	   cualitativo	   los	   diferentes	   casos	   de	   estudio.	   Un	   segundo	   bloque	   de	  
trabajo	   con	   la	   tecnología	  mejorada	   para	   la	   educación	   denominada	   TEL	   y	   un	   tercer	   bloque	   de	  
investigación	  sobre	  las	  técnicas	  de	  gamificación	  en	  la	  educación.	  Estos	  dos	  últimos	  bloques,	  TEL	  
y	   gamificación,	   como	   herramientas	   para	   alcanzar	   el	   objetivo	   principal,	   esto	   es,	   aumentar	   la	  
motivación	  y	  la	  satisfacción	  del	  estudiante,	  y	  como	  instrumento	  que	  ayude	  sustancialmente	  a	  la	  
consecución	   de	   la	   adquisición	   de	   las	   competencias	   específicas	   de	   las	   materias	   de	   manera	  
satisfactoria,	  eficaz	  y	  eficiente	  como	  define	  la	  norma	  ISO	  9241-­‐11.	  	  
	  
	  22	  
	  
Figura	  1.2.	  Evaluación	  y	  métodos	  de	  estudio.	  
	  
A	  continuación,	  presentamos	  los	  trabajos	  publicados	  en	  congresos	  y	  revistas	  de	  estas	  tres	  áreas,	  
y	   	   relacionaremos	   las	   seis	  publicaciones	  presentadas	  a	  compendio	  para	   la	  presente	   tesis	  en	   la	  
estructura	   citada.	   Dentro	   de	   los	   trabajos	   por	   compendio,	   se	   presentan	   las	   siguientes	  
publicaciones	   de	   los	   diseños	   y	   los	   diferentes	   estudios	   de	   caso	   en	   este	   primer	   bloque	   de	   la	  
investigación:	  
	  
	  
Duran,	  J.,	  &	  Villagrasa,	  S.	  (2013).	  Teaching	  3D	  Arts	  Using	  Game	  Engines	  for	  Engineering	  
and	  Architecture.	   In	  Virtual,	   Augmented	   and	  Mixed	   Reality.	   Systems	   and	   Applications	  
(pp.	  113-­‐121).	  Springer	  Berlin	  Heidelberg.	  Human	  Computer	  Interaction	  (HCI).12	  
	  
En	   este	   primer	   trabajo	   presentado	   en	   el	   congreso	   Human	   Computer	   Interaction	   explicita	   el	  
diseño	  de	  los	  casos	  de	  estudio	  que	  se	  han	  llevado	  a	  cabo	  en	  los	  grados	  en	  Ingeniería	  Multimedia	  
y	   en	   Arquitectura	   de	   La	   Salle	   Universitat	   Ramon	   Llull,	   y	   los	   primeros	   experimentos	   de	   la	  
aplicación	   de	   mecánicas	   de	   juego	   en	   los	   casos	   de	   estudio	   con	   los	   estudiantes.	   El	   objetivo	  
principal	  de	  este	  trabajo	  es	  evaluar	  la	  aplicación	  de	  los	  mundos	  virtuales	  3D	  para	  la	  enseñanza	  
de	   las	   diferentes	   asignaturas,	   orientadas	   principalmente	   a	   la	   visualización	   arquitectónica	   y	   la	  
creación	  de	  modelos	  3D	  para	  Ingeniería	  Multimedia.	  El	  uso	  de	  las	  tecnologías	  3D,	   los	  entornos	  
virtuales	  multiusuario	  y	  el	  uso	  de	  nuevas	  metodologías	  se	  diseñan	  con	  el	  objetivo	  de	  tener	  un	  
estudiante	  involucrado	  y	  por	  lo	  tanto	  aumentar	  la	  motivación	  y	  obtener	  una	  comprensión	  más	  
profunda	   de	   las	   materias.	   En	   este	   trabajo,	   trabajamos	   con	   las	   tecnologías	   mejoradas	   TEL	  
combinando	  los	  métodos	  de	  b-­‐learning	  y	  relacionándolos	  con	  el	  uso	  de	  espacios	  interactivos	  3D	  
como	  OpenSim,	  Activeworlds	  y	  Secondlife	  entre	  otros.	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Fonseca,	   D.,	   Redondo,	   E.,	   &	   Villagrasa,	   S.	   (2013)	   Mixed-­‐methods	   research:	   a	   new	  
approach	   to	   evaluating	   the	  motivation	   and	   satisfaction	   of	   university	   students	   using	  
advanced	  visual	  technologies.	  Universal	  Access	  in	  the	  Information	  Society	  (UAIS),	  1-­‐22.	  
	  
En	   la	  revista	  Universal	  Acces	  of	   Information	  proponemos	   las	  metodologías	  de	  evaluación	  de	   la	  
motivación	  del	  estudiante,	  las	  cuales	  serán	  de	  especial	  importancia,	  dado	  que	  el	  aumento	  de	  la	  
motivación	  es	  el	  principal	  objetivo	  que	  queremos	  investigar,	  y	  que	  se	  sitúa	  como	  eje	  central	  en	  
nuestra	  premisa	  que	   la	  motivación	  es	  el	  principal	  elemento	  en	  el	  aprendizaje.	  En	  este	   trabajo	  
realizamos	   un	   estudio	   de	  métodos	  mixtos	   para	   evaluar	   la	  motivación	   y	   la	   satisfacción	   de	   los	  
estudiantes	   del	   grado	   de	   Arquitectura	   utilizando	   métodos	   de	   visualización	   interactivos.	   El	  
objetivo	  principal	  es	  evaluar	  la	  motivación	  y	  la	  satisfacción	  de	  los	  estudiantes	  de	  Arquitectura	  e	  
Ingeniería	  de	  la	  Edificación	  y	  obtener	  la	  retroalimentación	  adecuada	  que	  permita	  la	  optimización	  
de	  este	  tipo	  de	  experimentos	  en	  casos	  futuros.	  
	  
	  
Villagrasa,	   S.,	   Fonseca,	   D.,	   &	   Durán,	   J.	   (2014).	   Teaching	   case:	   applying	   gamification	  
techniques	  and	  virtual	  reality	  for	  learning	  building	  engineering	  3D	  arts.	  In	  Proceedings	  
of	   the	   Second	   International	   Conference	   on	   Technological	   Ecosystems	   for	   Enhancing	  
Multiculturality	  (TEEM)	  (pp.	  171-­‐177).	  ACM.13	  
	  
Este	   trabajo	   presentado	   en	   el	   congreso	   internacional	   TEEM,	   se	   centra	   en	   la	   elaboración	   del	  
diseño	   de	   los	   casos	   de	   estudio	   en	   Ingeniería	   Multimedia	   y	   la	   aplicación	   de	   la	   tecnología	  
mejorada	  TEL	  (como	  la	  realidad	  virtual	  o	  la	  creación	  de	  contenidos	  3D	  en	  Internet)	  que	  ayudan	  
al	  alumno	  a	  aumentar	  la	  motivación,	  y	  así	  alcanzar	  las	  competencias	  de	  las	  materias	  de	  un	  modo	  
eficiente	   y	   eficaz.	   Con	   una	   metodología	   cualitativa	   (Grounded	   Theory)	   (Strauss,	   1990)	   y	   de	  
estudio	  de	  casos	  para	  el	  proceso	  didáctico,	  se	  han	  registrado	  y	  analizado	  datos	  de	  este	  estudio	  
de	   caso	   cuyos	   participantes	   (60	   estudiantes)	   divididos	   en	   dos	   clases	   han	   experimentado	   la	  
aplicación	   de	   la	   tecnología	   y	   la	   gamificación	   para	   el	   aprendizaje	   de	   las	   competencias	  
relacionadas	   con	   la	   Animación	   por	   Ordenador	   3D.	   Esta	   publicación	   aunque	   se	   centra	   en	   los	  
sistemas	   de	   gamificación	   y	   aplicación	   de	   la	   TEL,	   debido	   a	   la	   estructura	   holística	   de	   la	  
investigación	   y	   al	   marco	   teórico	   y	   de	   diseño	   del	   caso	   de	   estudio,	   corresponde	   a	   este	   primer	  
bloque	  de	  diseño	  global	  en	  la	  estructura	  general	  de	  la	  presente	  tesis.	  
	  
Seguidamente	   se	   presentan	   los	   experimentos	   realizados	   debidamente	   en	   las	   áreas	   de	  
gamificación	  y	  tecnología:	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Figura	  1.3.	  Technology	  Enhanced	  Learning	  y	  gamificación	  en	  la	  educación.	  
	  
	  
Villagrasa,	   S.,	   Fonseca,	   D.,	   Romo,	  M.,	   &	   Redondo,	   E.	   (2014).	  GLABS:	   Gamification	   for	  
learning	  management	  systems.	   In	   Information	  Systems	  and	  Technologies	   (CISTI),	  2014	  
9th	  Iberian	  Conference	  on	  (pp.	  1-­‐7).	  IEEE.14	  
	  
El	  trabajo	  realizado	  en	  el	  congreso	  internacional	  CISTI	  presenta	  una	  nueva	  plataforma	  online	  de	  
gestión	   del	   aprendizaje	   (LMS15)	   en	   donde	   están	   incorporadas	   las	  mecánicas	   de	   juego	   para	   la	  
asignatura	  de	  animación	  por	  ordenador	  3D	  de	  segundo	  curso	  de	  Ingeniería	  en	  Multimedia.	  Este	  
nuevo	   sistema	   online	   denominado	   GLABS	   (de	   Gamified	   LABoratorieS)	   es	   un	   instrumento	   que	  
integra	   la	   gamificación	   en	   la	   temática	   del	   curso	   y	   demuestra	   el	   aumento	   de	   la	   satisfacción	  
general	  del	  estudiante	  puesto	  que	  ayuda	  al	  alumno	  a	  tener	  un	  seguimiento	  completo	  del	  curso	  y	  
motiva	  al	  estudiante	  a	  generar	  y	  a	  completar	  las	  asignaciones	  y	  prácticas	  que	  se	  deben	  llevar	  a	  
cabo	  en	  la	  evaluación	  de	  la	  asignatura.	  
	  
	  
Vicent,	   L.,	   Villagrasa,	   S.,	   Fonseca,	  D.,	  &	  Redondo,	   E.	   (2015).	  Virtual	   learning	   scenarios	  
for	  qualitative	  assessment	   in	  higher	  education	  3D	  arts.	  Journal	  of	  Universal	  Computer	  
Science	  (J.UCS),	  21(8),	  1086-­‐1105.16	  
	  
El	  siguiente	  trabajo	  presentado	  en	  la	  revista	  J.UCS	  investiga	  la	  evaluación	  de	  competencias	  con	  
el	  uso	  de	  tecnología	  mejorada	  TEL	  como	  la	  realidad	  virtual	  y	  la	  gamificación.	  En	  este	  trabajo	  se	  
integró	  y	  se	  alineó	  la	  evaluación	  de	  los	  trabajos	  de	  los	  estudiantes	  con	  ayuda	  de	  la	  tecnología	  y	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la	  gamificación.	  El	  uso	  de	   las	  TEL,	   incluyendo	  los	  entornos	  de	  realidad	  virtual	   inmersiva,	  tratan	  
de	   lograr	   de	   una	   forma	   innovadora	   evaluar	  materias	   como	   la	   animación	   3D	   o	   la	   visualización	  
arquitectónica	   en	   3D.	   Hemos	   desarrollado	   un	   proyecto	   basado	   en	   el	   Scenario	   Curriculum	  
Centered	   (SCC),	   en	   donde	   los	   estudiantes	   tienen	   que	   idear,	   diseñar,	   transmitir,	   validar	   y	  
construir	  un	  proyecto	  de	  arquitectura	  con	  el	  uso	  de	  nuevas	  tecnologías	  y	  de	   la	  tecnología	  que	  
deben	   adquirir	   en	   las	   competencias	   específicas	   de	   la	  materia	   y	   que	   nos	   permiten	   integrar	   el	  
proceso	  de	  evaluación	  de	   los	   trabajos.	  Hemos	  utilizado	   técnicas	  de	  gamificación	  y	  motores	  de	  
juegos	   para	   evaluar	   las	   tareas	   de	   evaluación	   en	   el	   cual	   los	   estudiantes	   demuestran	   las	  
habilidades	   que	   desarrollan	   en	   los	   escenarios	   propuestos.	   La	   evaluación	   de	   las	   competencias	  
están	   integradas	   en	   la	   creación	   de	   un	   complejo	   proyecto	   arquitectónico	   3D	   centrado	   en	   la	  
construcción	  de	  un	  edificio	  en	  un	  espacio	  virtual	  colaborativo.	  Todo	  el	  proceso	  se	   lleva	  a	  cabo	  
con	  técnicas	  de	  gamificación	  para	  integrar	  en	  el	  propio	  proceso	  la	  evaluación	  de	  los	  trabajos	  con	  
los	  objetivos	  de	  la	  asignatura.	  Asimismo,	  y	  en	  relación	  al	  objetivo	  general	  de	  la	  investigación,	  los	  
resultados	  medidos	   con	  métodos	   cualitativos,	   concluyen	   que	   la	   integración	   y	   alineación	   de	   la	  
evaluación	   de	   las	   asignaturas	   con	   tecnología	   y	   la	   inclusión	   de	   la	   gamificación	   aumentan	   la	  
satisfacción	  y	  la	  motivación	  del	  estudiante.	  
	  
	  
Villagrasa,	   S.,	   Fonseca,	   D.,	   Redondo,	   E.,	   &	   Duran,	   J.	   (2014).	   Teaching	   case	   of	  
Gamification	   and	   visual	   technologies	   for	   education.	   Journal	   of	   Cases	   on	   Information	  
Technology	  (JCIT),	  16(4),	  38-­‐57.	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Por	  último,	  el	  trabajo	  presentado	  en	  la	  revista	  JCIT	  presenta	  el	  uso	  combinado	  de	  la	  tecnología	  
como	  la	  realidad	  virtual,	   la	  gamificación	  y	  el	  uso	  de	  Glabs	  presentado	  en	  el	  congreso	  CISTI	  y	  el	  
reporte	  de	  resultados	  del	  casos	  de	  estudio	  realizado.	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2 Estado de la cuestión, Technology 
Enhanced Learning y gamificación 
	  
La	  evolución	   y	  el	   proceso	  de	  aprendizaje	  de	   las	  nuevas	   generaciones	  de	  alumnos	  han	   variado	  
profundamente,	  y	  en	  especial	  la	  última	  década	  (García,	  2007).	  Cómo	  aprenden	  y	  qué	  esperan	  los	  
alumnos	   del	   proceso	   de	   aprendizaje	   hace	   variar	   la	   forma	   en	   que	   las	   clases	   magistrales	   y	   las	  
presentaciones	   tradicionales	   son	   percibidas.	   Se	   fomenta	   (Salinas,	   2004)	   un	   cambio	   en	   las	  
metodologías	  basadas	  en	  formaciones	   interactivas,	  basadas	  en	  hacer,	  cuestionar,	   interactuar	  e	  
involucrar	  definitivamente	  al	  alumno	  en	  el	  proceso	  educativo.	  Con	  este	  fin,	  podemos	  encontrar	  
una	  estrategia	  común	  en	  la	  educación:	  el	  juego.	  	  
	  
El	   juego	  es	  una	  actividad	  inherente	  en	  el	  ser	  humano	  contenida	  en	  su	  memoria	  filética	  (Groos,	  
1908).	  El	  juego	  es	  la	  principal	  actividad	  durante	  los	  primeros	  años	  de	  vida	  de	  las	  personas.	  Es	  un	  
proceso	  vital	  y	  se	  aprende	  con	  más	  facilidad	  cuando	  aparece	  el	  placer	  en	  la	  actividad	  sin	  tener	  
las	   restricciones	  ni	   las	  consecuencias	  de	  esas	  actividades	  en	   la	  vida	  real.	  El	   juego	  en	   la	  cultura	  
humana	   tiene	  carácter	   lúdico	  y	  es	  condición	  necesaria	  de	   la	  culturalización	  humana	   (Huizinga,	  
1949).	   La	   sociedad	   actual	   y	   los	   jóvenes	   que	   llegan	   a	   la	   universidad	   requieren,	   con	   el	   mismo	  
tiempo	  (o	  menos)	  aprender	  igual	  o	  más	  que	  antes.	  Es	  necesario	  que	  el	  proceso	  de	  aprendizaje	  
no	   sea	   sólo	   una	   obligación	   sino	   un	   proceso	   gratificante.	   Además,	   los	   jóvenes	   en	   edad	  
universitaria	   quieren	   influenciar	   más	   en	   su	   evaluación,	   comprender	   más	   el	   porqué	   de	   cada	  
evaluación,	  e	  integrar	  la	  evaluación	  en	  el	  propio	  método	  del	  aprendizaje.	  
	  
La	  aplicación	  de	  tecnología	  mejorada	  para	  la	  educación	  es	  lo	  que	  actualmente	  se	  denomina	  TEL	  
(Technology	  Enhanced	  Learning).	   Las	  múltiples	  herramientas	   tecnológicas	   junto	  a	   la	  aplicación	  
de	  mecánicas	  de	   juego	   (lo	  que	   se	  ha	  definido	  como	  gamificación)	  es	   una	  estrategia	  holística18	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
18	   Informe	  a	   la	  Unesco	  de	   la	   comisión	   internacional	   sobre	   la	  educación	  para	  el	   siglo	  XXI:	   La	  educación	  encierra	  un	  
tesoro.	  1998. La	  educación	  holista	  es	  considerada	  como	  el	  nuevo	  paradigma	  educativo	  para	  el	  siglo	  XXI.	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(Delors,	   1998)	   que	   debe	   entenderse	   como	   un	   conjunto	   al	   servicio	   de	   los	   objetivos	   de	  
aprendizaje,	  aunque	  pueden	  estudiarse	  también	  de	   forma	  separada.	  Este	  enfoque	  está	  siendo	  
implementado	  de	   forma	  extensiva	  en	  un	  gran	  número	  de	  proyectos	  educativos,	   orientándose	  
posteriormente	   hacia	   propuestas	   Project	   Based	   Learning	   en	   bachillerato,	   pero	   sin	   demasiado	  
impacto	   en	   el	   entorno	   universitario.	   Justamente	   en	   este	   último	  marco,	   una	   de	   las	   cuestiones	  
clave	  es	   la	  gestión	  de	   la	  motivación	  del	  estudiante.	  La	  evolución	  en	  los	  sistemas	  educativos	  ha	  
provocado	  un	  cambio	  en	  el	  paradigma	  de	  la	  enseñanza,	  actualmente	  enfocada	  en	  cómo	  mejorar	  
la	  capacidad	  y	  las	  habilidades	  de	  los	  estudiantes	  de	  forma	  mucho	  más	  compacta	  en	  el	  tiempo.	  El	  
uso	  de	  estrategias	  de	  enseñanza	  basada	  en	  juegos,	  no	  sólo	  puede	  ser	  un	  sistema	  adecuado	  para	  
aumentar	   la	  motivación	   de	   los	   estudiantes,	   sino	   que	   puede	   permitir	   fácilmente	   la	   evaluación	  
múltiple,	  es	  decir,	  tanto	  de	  las	  tecnologías	  usadas,	  como	  del	  mismo	  alumno.	  Estas	  capacidades,	  
facilitan	  la	  alineación	  e	  integración	  de	  las	  evaluaciones	  utilizando	  escenarios	  virtuales	  en	  las	  que	  
los	  estudiantes	  pueden	  demostrar	  sus	  habilidades.	  Según	  Biggs	  (Biggs	  J.	  ,	  2011),	  la	  evaluación	  y	  
el	  control	  de	  la	  calidad	  de	  la	  educación	  y	  desarrollo	  de	  los	  estudiantes	  es	  un	  concepto	  clave	  en	  la	  
aplicación	   de	   las	   tecnologías	   en	   el	   aula,	   de	   manera	   que	   las	   prácticas	   de	   enseñanza	   y	   de	  
evaluación	  deben	  estar	  alineadas	  con	  los	  objetivos	  de	  la	  enseñanza.	  	  
	  
La	  educación	  del	  presente	  y	  del	  futuro,	  no	  debería	  basarse	  en	  una	  ley	  única	  para	  todos	  sin	  tener	  
en	   cuenta	   una	   de	   las	   leyes	   básicas	   de	   la	   comunicación:	   tener	   claro	   el	   emisor	   y	   el	   receptor.	  
Tradicionalmente	  nos	  hemos	  basado	  en	  el	  emisor,	  en	  la	  materia	  que	  imparte	  el	  profesor,	  pero	  el	  
avance	  en	  la	  educación	  pretende	  dar	  más	  importancia	  a	  la	  parte	  del	  receptor;	  es	  el	  estudiante	  
(entendido	  como	  usuario)	  el	  que	  aprende.	  El	  rendimiento	  académico	  es	  bajo	  en	  comparación	  al	  
rendimiento	   que	   podemos	   obtener	   si	   logramos	   atender	   a	   unas	   cuestiones	   básicas	   y	  
fundamentales	   en	   el	   proceso	   de	   aprendizaje	   y	   en	   la	   educación.	   	   El	   proceso	   de	   un	   mejor	  
aprendizaje	  es	  importante	  en	  esta	  investigación,	  donde	  el	  receptor,	  el	  usuario,	  es	  el	  estudiante.	  
Por	  ello,	  estudiamos	  el	  origen	  de	  las	  metodologías	  docentes	  más	   importantes	  que	  han	  surgido	  
del	  proceso	  de	  aprendizaje	  e	  incorporar	  las	  nuevas	  metodologías	  y	  tecnologías	  adecuadas	  a	  los	  
nuevos	  ámbitos	  sociales	  de	  los	  	  estudiantes.	  	  
	  
En	  esta	   línea,	  el	  proceso	  de	  Bolonia	   (1999)20	  ofrece	  respuestas	  a	   los	  cambios	   importantes	  que	  
está	  experimentando	  el	  entorno	  global	  del	  EEES	  (Espacio	  Europeo	  de	  Educación	  Superior)21.	  Este	  
acuerdo	  puso	  en	  marcha	  un	   trascendente	  proceso	  de	   transformación	  educativa	  que	   impone	  a	  
las	   universidades	   del	   EEES	   la	   obligación	  de	  orientar	   la	   educación	  de	   grados	   a	   la	   obtención	  de	  
competencias.	   La	  declaración	  de	  Bolonia	   supone	  un	  punto	  de	   inflexión	  para	   las	   universidades	  
europeas	   que	   podemos	   resumir	   en	   tres	   metas	   fundamentales	   que	   se	   derivan	   de	   dicha	  
declaración:	  
	  	  
	  
• La	  competitividad	  o	  capacidad	  para	  atraer	  estudiantes	  europeos	  y	  de	  terceros	  países.	  
	  
• La	   empleabilidad,	   centrada	   en	   el	   aprendizaje	   en	   aquello	   que	   es	   relevante	   para	   el	  
mercado	   de	   trabajo	   y	   la	   vez	   disponer	   de	   	  un	   sistema	   claro	   que	   certifique	   que	   esos	  
resultados	  son	  alcanzados.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
20	   Bologna	   Declaration.	   The	   European	   Higher	   Education	   Area.	   Joint	   Declaration	   of	   the	   European	   Ministers	   of	  
Education	  (Bologna),	  1999.	  URL:	  http://www.ond.vlaanderen.be/hogeronderwijs/bologna/about.	  [26.08.2010].	  	  	  	  
21	  EHEA	  (European	  Higher	  Education	  Area)	  en	  sus	  siglas	  en	  inglés	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• La	  movilidad	  interna	  y	  externa	  de	  estudiantes,	  profesores	  y	  personal.	  
	  
	  
Una	   de	   las	   características	   esenciales	   del	   nuevo	   EEES	   es	   la	   organización	   de	   las	   enseñanzas	  
siguiendo	  el	  modelo	  de	  formación	  académica	  centrado	  en	  el	  aprendizaje	  del	  alumno.	  Uno	  de	  los	  
objetivos	  del	  proceso	  de	  convergencia	  hacia	  el	  EEES	  es	  el	  desarrollo	  de	  propuestas	  docentes	  que	  
tomen	   al	   estudiante	   como	   centro	   de	   la	   propuesta	   formativa.	   El	   alumno	   universitario	   se	  
convierte	  en	  el	  eje	  verdadero	  de	  la	  educación	  superior	  y	  el	  profesor	  en	  el	  orientador	  y	  guía	  de	  
este	  proceso	  de	  aprendizaje.	  Este	  proceso	   transforma	   la	  educación	  en	  un	  sistema	  orientado	  a	  
competencias.	  La	  sociedad	  ha	  pasado	  de	  ser	  un	  objeto	  a	  ser	  un	  sujeto	  del	  aprendizaje	  (Toffler,	  
1974).	  
	  
	  
Educación	  basada	  en	  competencias	  
	  
En	   la	   Conferencia	   Mundial	   sobre	   la	   Educación	   Superior	   (1998)22	   realizada	   en	   la	   sede	   de	   la	  
UNESCO,	  se	  expresó	  la	  necesidad	  de	  propiciar	  el	  aprendizaje	  permanente	  y	  la	  construcción	  de	  las	  
competencias	   adecuadas	   para	   contribuir	   al	   desarrollo	   cultural,	   social	   y	   económico	   de	   la	  
sociedad.	   Una	   competencia	   en	   educación	   es:	   un	   conjunto	   de	   comportamientos	   sociales,	  
afectivos	  y	  habilidades	  cognoscitivas,	  psicológicas,	  sensoriales	  y	  motoras	  que	  permiten	   llevar	  a	  
cabo	   adecuadamente	   un	   papel,	   un	   desempeño,	   una	   actividad	   o	   una	   tarea.	   El	   concepto	   de	  
competencia	   es	   multidimensional	   e	   incluye	   distintos	   niveles	   como	   saber	   (datos,	   conceptos,	  
conocimientos),	  saber	  hacer	  (habilidades,	  destrezas,	  métodos	  de	  actuación),	  saber	  ser	  (actitudes	  
y	   valores	   que	   guían	   el	   comportamiento)	   y	   saber	   estar	   (capacidades	   relacionadas	   con	   la	  
comunicación	   interpersonal	   y	   el	   trabajo	   cooperativo).	   En	   otras	   palabras,	   la	   competencia	   es	   la	  
capacidad	   de	   un	   buen	   desempeño	   en	   contextos	   complejos	   y	   auténticos,	   y	   se	   basa	   en	   la	  
integración	   y	   activación	   de	   conocimientos,	   habilidades,	   destrezas,	   actitudes	   y	   valores.	   Noam	  
Chomsky	   (Chomsky,	   1985),	   a	   partir	   de	   las	   teorías	   del	   lenguaje,	   estableció	   el	   concepto	   de	  
competencia,	   definido	   como	   	   la	   capacidad	   y	   disposición	   para	   el	   desempeño	   y	   para	   la	  
interpretación.	  	  
	  
Para	  establecer	  un	  cambio	  en	   la	  educación	  a	  escala	  mundial	  que	  garantice	   la	  excelencia	  y	  que	  
satisfaga	   las	   necesidades	   de	   la	   práctica	   laboral	   contemporánea,	   los	   investigadores	   (Bigelow,	  
1995)	  (Ducci,	  1997),	  entre	  otros,	  han	  propuesto	  que	  este	  proceso	  debe	  iniciarse	  desde	  un	  marco	  
conceptual	  que	  cimiente	  la	  consonancia	  entre	  los	  conocimientos,	  las	  habilidades	  y	  los	  valores.	  La	  
educación	  basada	  en	  competencias	  (Holland,	  1967-­‐1997)	  se	  centra	  en	  las	  necesidades,	  estilos	  de	  
aprendizaje	  y	  potencialidades	  individuales	  para	  que	  el	  alumno	  llegue	  a	  manejar	  con	  maestría	  las	  
destrezas	   señaladas	   por	   la	   industria.	   Formula	   actividades	   cognoscitivas	   que	   respondan	   a	  
determinados	  indicadores	  establecidos	  y	  determina	  que	  deben	  quedar	  abiertas	  al	  futuro	  y	  a	  lo	  
inesperado.	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
22	  sobre	  la	  Educación	  Superior,	  D.	  M.	  (1998,	  October).	  en	  el	  siglo	  XXI:	  Visión	  y	  Acción.	  In	  Conferencia	  Mundial	  sobre	  la	  
Educación	  Superior	  Educ	  Med	  Sup	  octubre	  (Vol.	  14,	  No.	  3).	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Desde	   el	   punto	   de	   vista	   didáctico,	   se	   puede	   distinguir	   varios	   tipos	   de	   competencias	   en	   el	  
proceso	  educativo:	  
	  
	  
• Competencias	   básicas:	   Son	   aquellas	   que	   requiere	   el	   individuo	   para	   desempeñarse	   en	  
cualquier	   actividad	  productiva,	   y	   están	   referidas	   a	   las	   capacidades	  de	   leer,	   interpretar	  
textos,	  saber	  expresarse,	  saber	  escuchar,	  saber	  aprender,	  comprender,	  o	  el	  manejo	  de	  
las	  tecnologías	  de	  la	  información	  y	  comunicación	  (TIC)23	  (Romaní,	  2011).	  
	  
• Competencias	  genéricas	  (transversales):	  Son	  los	  conocimientos	  y	  habilidades	  que	  están	  
asociados	  al	  desarrollo	  de	  diversas	  áreas	  ocupacionales,	  analizar	  y	  evaluar	  información,	  
trabajo	  en	  quipo,	  planificación	  y	  gestión,	  cultura	  tecnológica,	  visión	  sistémica,	  toma	  de	  
decisiones	  y	  desarrollo	  del	  liderazgo.	  
	  
• Competencias	   específicas:	   Son	   aquellas	   que	   complementan	   el	   saber	   hacer	   que	   están	  
asociadas	  a	  conocimientos	  y	  habilidades	  técnicas,	  de	  organización	  y	  planificación,	  y	  en	  
general	   de	   un	   uso	   y	   lenguaje	   específico	   y	   del	   uso	   determinado	   de	   herramientas	   e	  
instrumentos.	  
	  
	  
La	  motivación	  
	  
En	   la	   educación,	   la	  motivación	   se	   considera	   determinante	   y	   clave	   en	   el	   aprendizaje	   	   (Schunk,	  
2012),	   utilizándose	   para	   mejorar	   la	   atención	   y	   el	   esfuerzo	   que	   los	   estudiantes	   dedican	   a	   las	  
actividades	  de	  aprendizaje	  (Deci	  E.	  L.,	  1991).	  La	  palabra	  motivación	  se	  define	  aún	  de	  un	  modo	  
progresivo,	  desde	  el	  punto	  de	  vista	  conductista,	  hasta	   las	  orientaciones	  cognitivas	  actuales.	  Su	  
estudio	   es	   complicado,	   porque	   tiene	   a	   su	   disposición,	   muchas	   teorías	   para	   analizar,	   e	  
investigaciones	   sobre	  el	   tema	   (Maslow,	  1943)	   (Stipek,	  1993).	  ¿Es	  necesaria	   la	  motivación	  para	  
que	  haya	  aprendizaje?	  Existen	  posiciones	  que	  varían	  desde	  la	  afirmación	  que	  ningún	  aprendizaje	  
se	  realizará,	  si	  no	  existe	  motivación,	  hasta	  la	  negación	  completa	  de	  la	  motivación	  (Ausubel	  D.	  ,	  
1981).	  Desde	  el	  punto	  de	  vista	  del	  docente	  la	  motivación	  significa:	  conseguir	  que	  el	  estudiante	  
haga	  algo	  por	  medio	  de	  la	  promoción	  y	  sensibilización	  (Campanario,	  2005),	  con	  lo	  que	  motivar	  
supone	  predisponer	  al	  estudiante	  a	  participar	  activamente	  en	   las	  actividades	  docentes	  que	   se	  
dan	   en	   el	   aula.	   El	   propósito	   de	   la	   motivación	   consiste	   en	   despertar	   el	   interés	   y	   dirigir	   los	  
esfuerzos	  para	  alcanzar	  las	  metas	  definidas.	  	  
	  
La	  división	  de	  la	  motivación	  se	  refina	  en	  motivación	  extrínseca	  y	  en	  motivación	  intrínseca	  (Ryan	  
&	  Deci,	  2000)	  (Deci	  E.	  L.,	  2001).	  La	  motivación	  intrínseca	  es	  la	  construcción	  más	  conocida	  en	  el	  
ámbito	  educativo	  y	  conceptualmente,	  está	  estrechamente	  relacionada	  con	  las	  teorías	  cognitivo-­‐
conductuales	   y	   la	   obra	   de	   Piaget	   (Piaget,	   2008),	   que	   postula	   que	   cuando	   los	   individuos	  
experimentan	   discrepancia	   entre	   su	   conocimiento	   del	  mundo	   y	   su	   conocimiento	   privado,	   son	  
impulsados	   para	   eliminar	   esta	   discrepancia.	   La	  motivación	   intrínseca	   hacia	   el	   logro	   implica	   el	  
deseo	   de	   participar	   en	   una	   actividad	   por	   el	   placer	   y	   la	   satisfacción	   experimentada	   cuando	   se	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
23	  Herramientas que las personas  usan para compartir, distribuir y reunir información, y comunicarse entre sí, o 
en grupos, por medio de las computadoras o las redes de  computadoras interconectadas. 
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logra	  una	  hazaña	  difícil	   (Vallerand,	  1992).	  Por	  último,	   la	  motivación	   intrínseca	  a	   la	  experiencia	  
por	  la	  estimulación	  es	  operativa	  cuando	  un	  individuo	  se	  involucra	  en	  una	  actividad	  con	  el	  fin	  de	  
ser	  estimulado.	  La	  estimulación	  puede	  tomar	  una	  variedad	  de	  formas	  e	  incluye	  placer	  sensorial	  
o	   estética,	   así	   como	   las	   sensaciones	   emocionales,	   como	   el	  miedo	   o	   la	   excitación.	   La	   relación	  
entre	   los	   tipos	   de	   motivación	   también	   es	   importante,	   con	   algunos	   autores	   sugieren	   de	   la	  
importancia	   de	   recompensas	   externas	   en	   la	   propia	  motivación	   intrínseca,	  mientras	   que	   otros	  
indican	  que	  no	  hay	  evidencia	  para	  apoyar	  esta	  afirmación	  	  (Glover,	  2013).	  	  
	  
Con	  la	  motivación	  intrínseca,	  según	  la	  teoría	  de	  la	  Auto	  Determinación	  (Ryan	  R.	  D.,	  2000)	  existen	  
tres	  factores,	  que	  cuando	  aparecen	  confirman	  su	  existencia:	  
	  
	  
• Competencia:	  Sentir	  la	  capacidad	  para	  superar	  los	  obstáculos.	  
	  
• Autonomía:	  Sentir	  que	  se	  tiene	  el	  control,	  la	  decisión.	  
	  
• Afinidad:	  La	  actividad	  está	  conectada	  conmigo	  y	  con	  un	  propósito.	  
	  
	  
La	  motivación	  extrínseca	  se	  asocia	  con	  las	  personas	  que	  se	  involucran	  en	  el	  aprendizaje,	  ya	  que	  
es	  un	  medio	  para	  un	  fin,	  para	  desvincularse	  del	  contenido	  y	  objeto	  de	  aprendizaje.	  Se	  asocia	  con	  
las	   teorías	  de	  comportamiento	  del	  aprendizaje	  humano	  de	  Skinner	   (Skinner,	  1976)	  y	  se	  centra	  
en	  las	  recompensas	  para	  dirigir	  y	  la	  conducta	  de	  aprendizaje	  de	  control.	  Ed	  Deci	  y	  Richards	  Ryan	  
(Deci	  E.	  L.,	  2001)	  clasifican	  que	  los	  motivadores	  extrínsecos	  en:	  
	  
	  
• Regulación	  externa:	  Alguien	  determina	  lo	  que	  debe	  hacerse.	  
	  
• Introyección:	  Las	  motivaciones	  externas	  las	  convertimos	  como	  propias	  e	  internas.	  
	  
• Identificación:	  Personalizar	  la	  motivación	  externa.	  
	  
	  
La	   motivación	   es	   el	   objetivo	   principal	   en	   la	   aplicación	   de	   las	   mecánicas	   de	   juego	   o	   la	  
gamificación,	   en	   especial	   cuando	  hablamos	  de	   educación.	   La	   gamificación	  podríamos	  definirla	  
como	   la	   aplicación	   de	   las	   mecánicas	   de	   estrategias	   de	   juego	   a	   cualquier	   proyecto,	   idea	   o	  
situación	   (Deterding	   S.	   S.,	   2011).	   Beatriz	   Valderrama	   en	   su	   libro	   “motivación	   Inteligente”	  	  
(Valderrama	  B.	  ,	  2010)	  presenta	  un	  modelo	  multidimensional	  de	  motivación	  con	  sus	  10	  motivos	  
para	  jugar	  (ver	  figura	  2.1)	  que	  nos	  permite	  	  definir	  y	  clasificar	  a	  los	  diferentes	  tipos	  de	  jugadores	  
y	   buscar	   los	   elementos	   que	   mejor	   contribuyen	   	   para	   aumentar	   la	   motivación	   intrínseca	   y	  
extrínseca.	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Figura	  2.1.	  Diez	  motivos	  para	  jugar	  de	  Beatriz	  Valderrama.	  
	  
	  
2.1 Fundamentos	  de	  la	  teoría	  del	  aprendizaje	  
	  
Marcy	   P.	   Driscoll	   (Driscoll,	   1994)	   define	   el	   aprendizaje	   como	   “el	   cambio	   persistente	   del	  
rendimiento	  humano	  o	  del	  potencial	  del	  rendimiento…el	  cual	  debe	  venir	  acerca	  de	  la	  experiencia	  
del	  sujeto	  para	  aprender	  y	  la	  interacción	  con	  el	  mundo”.	  Las	  corrientes	  principales	  que	  se	  dividen	  
las	  diversas	  teorías	  del	  aprendizaje	  se	  resumen	  en:	  
	  
	  
• Conductismo	  (Skinner,	  1976)	  (Pozo	  J.	  I.,	  1989):	  Se	  basa	  en	  los	  cambios	  observables	  en	  la	  
conducta	  del	   sujeto.	   Se	  enfoca	  hacia	   la	   repetición	  de	  patrones	  de	  conducta	  hasta	  que	  
estos	   se	   realizan	   de	   manera	   automática.	   La	   conducta	   es	   el	   objeto	   de	   estudio	   y	   esta	  
puede	  cambiar	  a	  través	  de	  estímulos.	  
	  
• Cognoscitivismo	   (Gagné,	   1987)	   (Ausubel,	   1976):	   Se	   basa	   en	   los	   procesos	   que	   tienen	  
lugar	   detrás	   de	   los	   cambios	   de	   conducta.	   	   Estos	   cambios	   son	   observados	   para	   usarse	  
como	  indicadores	  para	  entender	  lo	  que	  esta	  pasando	  en	  la	  mente	  del	  que	  aprende.	  
	  
• Constructivismo	  (Vygotsky	  L.	  ,	  2003)	  (Vygotsky	  L.	  ,	  1995)	  (Piaget,	  2008):	  Se	  sustenta	  en	  
la	   premisa	   de	   que	   cada	   persona	   construye	   su	   propia	   perspectiva	   del	   mundo	   que	   le	  
rodea	   a	   través	   de	   sus	   propias	   experiencias	   y	   esquemas	   mentales	   desarrollados.	   El	  
constructivismo	  se	  enfoca	  en	   la	  preparación	  del	  que	  aprende	  para	   resolver	  problemas	  
en	  condiciones	  ambiguas.	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• Conectivismo	  (Siemens,	  2005):	  Es	  la	  integración	  de	  los	  principios	  explorados	  por	  el	  caos,	  
la	   interconexión	  y	   la	  complejidad	  de	   la	  organización	  propia	  de	   las	   teorías	   tradicionales	  
del	  aprendizaje.	  El	  aprendizaje	  (como	  conocimiento)	  puede	  residir	  fuera	  de	  nosotros	  (en	  
una	   organización	   por	   ejemplo)	   y	   está	   enfocada	   en	   la	   conexión	   especializada	   de	  
información	  y	  las	  conexiones	  que	  se	  establecen	  que	  nos	  permiten	  aprender	  más	  allá	  del	  
estado	  propio	  del	  conocimiento.	  
	  
	  
2.2 Metodologías	  de	  enseñanza	  
	  
Las	  metodologías	  de	  enseñanza	  (Alfaro	  Rocher,	  2006)	  o	  educativas	  suelen	  girar	  alrededor	  de	  las	  
teorías	  del	  aprendizaje	  (basadas	  en	  la	  psicopedagogía)	  como	  son	  el	  conductismo,	  cognitivismo,	  
constructivismo	  y	  últimamente	  el	  conectivismo.	  Cada	  paradigma	  tiene	  sus	  procesos,	  actividades	  
y	  métodos	  de	  actuación.	  Las	  principales	  metodologías	  de	  enseñanza	  son:	  
	  
	  
• Clases	   magistrales:	   Impartición	   de	   teoría;	   basta	   con	   una	   tiza	   y	   una	   pizarra,	   aunque	  
también	  se	  utilizan	  presentaciones	  por	  ordenador,	  videos	  y	  la	  pizarra	  electrónica.	  
	  
• Clases	   prácticas:	   La	   mayoría	   de	   las	   veces	   es	   una	   clase	   teórica;	   pero	   en	   lugar	   de	  
transmitir	   conceptos	   abstractos	   se	   resuelve	   un	  problema;	   es	   decir,	   desde	   el	   punto	  de	  
vista	  metodológico	  es	  idéntica	  a	  las	  clases	  magistrales.	  
	  
• Clases	   de	   laboratorio:	   Se	   suelen	   utilizar	   en	   materias	   más	   técnicas	   y	   los	   alumnos	  
manejan	  dispositivos	  donde	  se	  comprueba	   la	  validez	  de	   las	   teorías.	  Desde	  el	  punto	  de	  
vista	  metodológico	  requiere	  la	  adquisición	  de	  determinadas	  habilidades	  prácticas.	  
	  
• Tutorías:	   Se	   suelen	  utilizar	   las	   tutorías	  denominadas	   reactivas	   (el	  profesor	   responde	  a	  
una	  demanda	  de	  información	  del	  alumno).	  
	  
• Evaluación:	  Se	  suele	  utilizar	  la	  modalidad	  de	  evaluación	  aditiva	  (la	  utilizada	  para	  evaluar	  
los	  conocimientos	  adquiridos)	  y	  obtener	  una	  calificación.	  	  
	  
• Planificación:	  Se	  suele	  hacer	  al	  inicio	  del	  curso,	  básicamente	  son	  guías	  donde	  el	  alumno	  
puede	  conocer	  con	  antelación	  los	  objetivos	  de	  la	  asignatura,	  el	  programa,	  el	  método	  de	  
evaluación,	  la	  carga	  docente,	  actividades	  y	  las	  condiciones.	  
	  
• Trabajos	  individuales	  y	  en	  grupo:	  Son	  trabajos	  que	  el	  profesor	  define	  el	  tema	  y	  alcance;	  
los	  alumnos	  lo	  hacen	  por	  su	  cuenta	  y	  una	  vez	  finalizado	  se	  le	  presenta	  al	  profesor.	  
	  
• Tutoría	   proactiva:	   Se	   basa	   en	   anticiparse	   a	   la	   demanda	   de	   información	   por	   parte	   del	  
alumno;	  es	  una	  metodología	  altamente	  eficaz,	  ya	  que	  el	  objetivo	  es	  resolver	  la	  duda	  en	  
el	  momento	  en	  que	  se	  produce	  (realmente	  antes	  de	  que	  se	  produzca).	  
	  
• Trabajo	   cooperativo:	   Se	   basa	   en	   aprovechar	   los	   recursos	   creados	   por	   los	   propios	  
alumnos	   y	   profesores.	   Básicamente	   actúa	   como	   una	   cooperativa	   donde	   todos	   sus	  
miembros	  son	  constructores	  y	  beneficiarios	  de	  la	  cooperación.	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2.3 Teorías	  y	  metodologías	  educativas	  	  
	  
Existen	  variadas	  y	  numerosas	  metodologías	  en	  la	  educación.	  Entender	  y	  mejorar	  el	  proceso	  del	  
de	  la	  enseñanza	  y	  el	  aprendizaje	  ha	  sido	  un	  campo	  de	  estudio	  prolífico.	  Con	  el	  fin	  de	  ordenar	  y	  
citar	   las	   teorías,	   ideas,	   autores	   relevantes	   y	   los	   sistemas	  del	   aprendizaje	  más	  utilizados	  por	   la	  
comunidad	   educativa,	   exponemos	   a	   continuación	   un	   repaso	   sobre	   estas	   metodologías	  
existentes.	  
	  
	  
2.3.1 Teoría	  de	  las	  inteligencias	  múltiples	  
	  
Howard	   Gardner	   en	   su	   Teoría	   de	   las	   Inteligencias	   Múltiples	   (Gardner,	   2000)	   distingue	   de	   la	  
siguiente	  manera	  las	  competencias	  que	  deben	  desarrollar	  los	  alumnos	  en	  el	  área	  del	  arte:	  
	  
	  
• Producción:	  Hacer	  una	  composición	  o	  interpretación	  musical,	  realizar	  una	  pintura	  o	  
dibujo,	  escribir	  imaginativamente	  o	  creativamente.	  
	  
• Percepción:	  Efectuar	  distinciones	  o	  discriminaciones	  desde	  el	  pensamiento	  artístico.	  
	  
• Reflexión:	   Alejarse	   de	   la	   propia	   producción	   e	   intentar	   comprender	   los	   objetivos,	  
motivos,	  dificultades	  y	  efectos	  conseguidos.	  
	  
	  
2.3.2 Ciclo	  de	  aprendizaje	  de	  Kolb	  
	  
La	  metodología	  del	  Ciclo	  de	  aprendizaje	  de	  Kolb	  (Kolb,	  1975),	  se	  basa	  en	  la	  acción	  como	  efecto	  
transformador	   del	   conocimiento;	   entre	   acción	   y	   acción	   se	   relaciona	   el	   resultado	   con	   los	  
conocimientos	  abstractos.	  Es	  una	  metodología	  muy	  eficaz	  para	  asignaturas	  y	  materias	  en	  las	  que	  
se	  quiera	  enfocar	  hacia	  la	  adquisición	  de	  habilidades	  y	  capacidades.	  Según	  el	  modelo	  de	  Kolb	  un	  
aprendizaje	  óptimo	  es	  el	  resultado	  de	  pasar	  por	  las	  siguientes	  fases:	  
	  
• Actuar	  (alumno	  activo).	  
	  
• Reflexionar	  (alumno	  reflexivo).	  
	  
• Teorizar	  (alumno	  teórico).	  
	  
• Experimentar	  (alumno	  pragmático).	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En	  función	  de	  la	  materia	  y	  las	  competencias	  que	  se	  quieran	  adquirir,	  nos	  centraremos	  en	  alguna	  
de	  estas	   fases	  de	  un	  modo	  más	   intensivo.	   Cada	  unos	  de	  estos	   estilos	   tiene	   sus	   facilidades	  de	  
aplicación	  y	  sus	  obstáculos	  (Alonso,	  1994).	  
	  
	  
2.3.3 Taxonomía	  de	  Bloom	  
	  
Benjamin	  Bloom	  (Bloom	  B.	   ,	  1979)	  explica	   las	  motivaciones	  detrás	  de	   las	  actividades	  de	  clase,	  
tareas	   y	   temas	   de	   discusión.	   Ayuda	   también	   a	   construir	   un	   lenguaje	   y	   la	   estructura	   común	  
dentro	  de	  las	  clases.	  La	  taxonomía	  de	  Bloom	  permite	  clasificaciones	  sistemáticas	  de	  los	  procesos	  
de	   pensamiento	   y	   el	   aprendizaje.	   Consiste	   en	   cinco	   categorías	   y	   cada	   logro	   requiere	   de	   la	  
habilidad	  o	  la	  capacidad	  antes	  de	  la	  siguiente:	  
	  
	  
• Recordar:	  Recuperar,	  reconocer,	  reproducir	  y	  recordar	  los	  conocimientos	  necesarios	  
de	  la	  memoria	  a	  largo	  plazo.	  
	  
• Entender:	   El	   significado	   de	   mensajes	   orales,	   escritos	   y	   gráficos	   a	   través	   de	   la	  
interpretación,	  ejemplificando,	  clasificando,	  resumiendo,	  comparando,	  y	  explicando.	  
	  
• Analizar:	   El	   material	   en	   partes	   más	   pequeñas,	   de	   cómo	   las	   partes	   se	   relacionan	  
entre	   sí	   con	   una	   estructura	   general	   o	   propósito	   a	   través	   de	   la	   diferenciación,	   la	  
organización	  y	  atribución.	  
	  
• Evaluación:	  Juicios	  basados	  en	  criterios	  y	  normas	  a	  través	  de	  comprobación	  y	  crítica.	  
	  
• Creación:	   Una	   serie	   de	   elementos	   para	   formar	   un	   todo	   coherente	   o	   funcional;	   la	  
organización	   de	   los	   elementos	   a	   través	   de	   la	   generación,	   la	   planificación	   o	   la	  
producción.	  
	  
	  
2.3.4 Proyecto	  zero	  
	  
David	  Perkins	  (Perkins,	  2010),	  doctor	  en	  Matemáticas	  e	  Inteligencia	  Artificial	  por	  el	  Instituto	  de	  
Tecnología	  de	  Massachusetts	  (MIT),	  considera	  que	  “los	  niños	  tienen	  que	  aprender	  a	  enfrentarse	  
a	   lo	   desconocido	   y	   a	   lo	   inesperado”	   para	   habituarse	   a	   manejarse	   en	   un	   mundo	   que	   cambia	  
continuamente.	   Según	   Perkins,	   “en	   la	   actualidad	   no	   hay	   ningún	   compromiso	  más	   importante	  
que	   educar	   a	   la	   próxima	   generación	   para	   este	   mundo	   tan	   complejo”.	   Project	   Zero	   es	   un	  
proyecto	  de	  investigación	  desarrollado	  en	  la	  Universidad	  de	  Harvard.	  Se	  centra	  en	  el	  diseño	  de	  
investigaciones	   sobre	   la	   naturaleza	   de	   la	   inteligencia,	   la	   comprensión,	   el	   pensamiento,	   la	  
creatividad,	   la	   ética,	   y	   otros	   aspectos	   esenciales	   del	   aprendizaje	   humano.	   Su	   objetivo	   es	  
entender	  y	  mejorar	  la	  educación,	  la	  enseñanza,	  el	  pensamiento	  y	  la	  creatividad	  en	  las	  artes,	  así	  
como	  también	  en	  disciplinas	  humanísticas	  y	  científicas,	  a	  nivel	   individual	  e	  institucional	  en	  una	  
variedad	   de	   contextos	   incluyendo	   escuelas,	   empresas,	   museos	   y	   entornos	   digitales.	   David	  
Perkins	   fundó,	   junto	   a	   Howard	   Gardner,	   en	   la	   Escuela	   de	   Educación	   de	   la	   Universidad	   de	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Harvard,	  Project	  Zero,	  inicialmente	  un	  centro	  de	  investigación	  para	  el	  desarrollo	  cognitivo.	  Una	  
de	   las	   líneas	   de	   investigación	   aplicada	   en	   la	   educación	  más	   extendida	   hoy	   en	   su	   uso	   son	   las	  
llamadas	  rutinas	  de	  pensamiento	  (Pérez,	  1988).	  Se	  definen	  como	  estrategias	  cognitivas	  bastante	  
fáciles	   de	   seguir	   en	   los	   procesos	   de	   enseñanza-­‐aprendizaje,	   que	   consisten	   en	   preguntas	   o	  
afirmaciones	  abiertas	  que	  promueven	  el	  pensamiento	  en	  los	  estudiantes.	  
	  
	  
2.3.5 Principales	  metodologías	  educativas	  
En	   el	   modelo	   propuesto	   por	   Johnson	   y	   Lundvall	   (Lundvall,	   1994)	   se	   establece	   que	   el	  
conocimiento	  se	  adquiere	  de	  cuatro	  formas	  (Casas,	  2006):	  
	  
	  
• Learning	  by	  doing	  (aprender	  haciendo).	  
	  
• Learning	  by	  using	  (aprender	  usando).	  
	  
• Learning	  by	  interacting	  (aprender	  interactuando).	  
	  
• Learning	  by	  searching	  (aprender	  buscando).	  
	  
	  
Sobre	   estas	   formas	   de	   adquirir	   el	   conocimiento,	   brevemente	   concretamos	   las	   principales	  
metodologías	  educativas:	  
	  
	  
• LBD	   (Learning	   by	   Doing/aprender	   haciendo):	   Se	   describe	   tanto	   como	   forma	   de	  
adquisición	   del	   conocimiento	   y	   metodología	   educativa.	   LBD	   es	   una	   metodología	   de	  
formación	   basado	   en	   el	   aprendizaje	   haciendo	   y	   realizando	   el	   proceso	   que	   deben	  
aprender	  (Schank,	  1999).	  
	  
• PBL/ABP	  (Problem	  Based	  Learning/aprendizaje	  basado	  en	  problemas):	  Método	  basado	  
en	   el	   estudiante	   como	   centro	   de	   su	   propio	   aprendizaje.	   Una	   metodología	   donde	   el	  
punto	  de	  partida	  es	  un	  problema	  o	  una	  situación	  problemática	  que	  aborda	  un	  grupo	  de	  
estudiantes	  que	  trabaja	  colaborativamente	  con	  el	  apoyo	  del	  profesor	  (Coll	  C.	  M.,	  2008)	  
(Luis	  A.	  Branda,	  2009)	  (Ortiz,	  2003)	  (Penzo,	  2010)	  (Karlin,	  2001).	  
	  
• PLE	  (Personal	  Learning	  Environtment/entorno	  personal	  de	  aprendizaje):	  El	  PLE,	  según	  
Linda	   Castañeda	   y	   Jordi	   Adell	   (Castañeda,	   2013)	   es	   un	   conjunto	   de	   herramientas,	  
fuentes	   de	   información,	   conexiones	   y	   actividades	   que	   cada	   persona	   utiliza	   de	   forma	  
asidua	  para	  aprender.	  La	  PLE	  es	  una	  autoregulación	  del	  propio	  aprendizaje.	  
	  
• E-­‐Learning/OLE	  (Online	  Learning	  Environtment/aprendizaje	  a	  distancia):	  La	  formación	  
que	  utiliza	  la	  red	  como	  tecnología	  de	  distribución	  de	  la	  información,	  sea	  esta	  red	  abierta	  
(Internet)	  o	  cerrada	  (Intranet)	  (Garrison	  D.	  R.,	  2005)	  (Anderson,	  2008)	  (Almenara,	  2006)	  
(García-­‐Peñalvo,	   2015).	  Hablamos	   también	  de	  e-­‐learning	   como	  el	   aprendizaje	   a	   través	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de	  las	  TIC	  y	  en	  concreto	  de	  e-­‐learning	  2.0	  (Berlanga,	  2010)	  como	  la	  última	  evolución	  de	  
la	  formación	  a	  distancia	  con	  la	  inclusión	  de	  la	  Web	  2.024.	  
	  
• ODL	  (Online	  Distance	  Learning/educación	  a	  distancia):	  La	  educación	  a	  distancia	  se	  basa	  
en	   un	   diálogo	   didáctico	  mediado	   entre	   docentes	   de	   una	   institución	   y	   los	   estudiantes	  
que,	  ubicados	  en	  espacio	  diferente	  al	  de	  aquellos,	  aprenden	  de	  forma	  independiente	  o	  
grupal	  (Bates,	  1997)	  (García	  Aretio,	  2014). 
 
• M-­‐learning	   (Mobile	  Learning/aprendizaje	  móvil):	   El	   aprendizaje	  móvil	  puede	  ser	  visto	  
como	   un	   subconjunto	   del	   e-­‐learning.	  E-­‐learning	   es	   el	   concepto	  macro	   que	   incluye	   los	  
entornos	  de	  aprendizaje	  móvil	  y	  en	  línea.	  En	  este	  sentido	  la	  M-­‐learning	  es	  el	  e-­‐learning	  a	  
través	   de	   dispositivos	   móviles	   de	   computación	   (Quinn,	   2013).	   O	   podemos	   definirlos	  
según	   (Geddes,	   2004)	   como	   la	   adquisición	   de	  cualquier	  conocimiento	   y	   habilidades	  
mediante	  el	  uso	  de	  la	  tecnología	  móvil	  en	  cualquier	  momento	  y	  lugar	  (Camacho,	  2011)	  
(Grané,	  2013).	  
	  
• B-­‐learning	   (Blended	   Learning/aprendizaje	   semi-­‐presencial):	   El	   B-­‐Learning	   se	   puede	  
definir	  como	  aquel	  que	  complementa	  y	  sintetiza	  dos	  opciones:	  formación	  presencial	  con	  
formación	  a	  través	  de	  las	  TICs.	  En	  esta	  nueva	  modalidad	  de	  formación,	  herramientas	  de	  
comunicación	   como	   el	   correo	   electrónico,	   listas	   de	   distribución	   o	   chat	   plantean	   la	  
necesidad	  de	  formar	  tanto	  a	  profesores	  como	  a	  alumnos	  para	  una	  adecuada	  utilización	  
racional	  y	  significativa	  de	  las	  mismas	  (Cabero-­‐Almenara,	  2004)	  (Garrison	  D.	  R.,	  2004). 
 
• MOOC25	   (Massive	   Online	   Open	   Course/curso	   en	   línea	   masivo	   y	   abierto):	   Un	  MOOC	  
(Yuan,	   2013)	   (Fidalgo,	   2013)	   (Liyanagunawardena,	   2013)	   (Clark,	   2013)	   es	   un	   curso	   en	  
línea	  destinado	  a	  la	  participación	  ilimitada	  y	  acceso	  abierto	  a	  través	  de	  la	  web.	  Además	  
de	  los	  materiales	  de	  un	  curso	  tradicional,	  como	  son	  los	  vídeos,	  lecturas	  y	  cuestionarios,	  
los	  MOOC	   proporcionan	   fórums	   de	   usuarios	   interactivos	   que	   ayudan	   a	   construir	   una	  
comunidad	  para	  los	  estudiantes,	  profesores	  y	  los	  estudiantes.	  	  
	  
• GBL	   (Gamed	   Based	   Learning/aprendizaje	   basado	   en	   juegos):	   Es	   una	   propuesta	  
educativa	  que	  tiene	  como	  foco	  el	  uso	  de	  juegos	  para	  aprender,	  enseñar	  y	  cualquier	  otro	  
propósito	  educacional.	  GBL	  implica	  la	  integración	  de	  los	  juegos	  y	  de	  la	  mecánica	  de	  los	  
juegos	  al	  aprendizaje	  (Dziorny,	  2007)	  (Egenfeldt-­‐Nielsen	  S.	  L.,	  2009)	  (Prensky	  M.	  ,	  2001)	  
(Egenfeldt-­‐Nielsen	  S.	  L.,	  2009).	  	  
	  
• QBL	  (Quest	  Based	  Learning/aprendizaje	  basado	  en	  búsquedas):	  Incorpora	  la	  mecánica	  
del	  juego	  y	  de	  las	  comunidades	  de	  aprendizaje	  similares	  al	  juego	  en	  la	  lección.	  Tanto	  en	  
los	   videojuegos	   y	   en	   la	   metodología	   QBL,	   las	   misiones	   están	   orientadas	   hacia	   los	  
objetivos	  y	  hacia	  las	  tareas	  (Haskell,	  2013).	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
24	  El	  término	  Web	  2.0	  hace	  referencia	  a	  la	  evolución	  que	  ha	  experimentado	  el	  servicio	  web.	  En	  constante	  progresión,	  
ha	   pasado	   de	   unas	   primeras	   páginas	   estáticas	   en	   HTML	   (Web	   1.0),	  a	  un	   segundo	   nivel	   más	   elaborado	   (Web	   1.5),	  
caracterizado	  por	  la	  creación	  “al	  vuelo”	  de	  documentos	  dinámicos.	  
25	  Acuñado	  por	  Dave	  Cormier	  y	  Bryan	  Alexander.	  What	  is	  a	  MOOC.	  2010,	  4:27.	  	  
Disponible	  en:	  http://www.youtube.com/watch?v=eW3gMGqcZQc	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• CSCL	   (Computer	   Supported	  Collaborative	   Learning/aprendizaje	   colaborativo	  apoyado	  
por	  ordenadores):	  La	  CSCL	  realmente	  son	  plataformas	  para	  el	  aprendizaje	  colaborativo	  
mediado	  por	  ordenador	  que	  favorecen	  la	  comunicación,	  la	  mediación	  y	  la	  construcción	  
compartida	  del	  conocimiento	  (Stahl,	  2006)	  (Resta,	  2007)	  (Onrubia,	  2008).	  
	  
• VLE	   (Virtual	   Learning	   Environments/entornos	   virtuales	   de	   aprendizaje):	   Entornos	  
educativos	  basados	  total	  o	  parcialmente	  en	  las	  TIC	  (Salinas,	  2004).	  
	  
• Situated	   Learning:	   Llevar	   el	   aula	   a	   las	   redes	   sociales	   y	   las	   redes	   sociales	   al	   aula.	  
Perduración	   de	   modelos	   tradicionales	   con	   las	   nuevas	   tecnologías	   y	   entornos	  
comunicativos	   para	   actividades	   de	   aprendizaje	   ordenado.	   Ruptura	   de	   la	   barrera	   entre	  
formal/no	  formal/informal	  (Coll	  C.	  M.,	  2008).	  
	  
	  
2.4 Technology	  Enhanced	  Learning	  
	  	  
En	   este	   capítulo	   explicamos	   la	   integración	   de	   la	   tecnología	   educativa	   mejorada	   TEL	   en	   la	  
educación	  y	  para	   la	  evaluación	  de	  competencias.	  En	  concreto	  nos	  centraremos	  en	  el	  uso	  de	   la	  
Realidad	   Virtual	   (RV)	   y	   la	   Realidad	   Aumentada	   (RA)	   para	   la	   evaluación	   de	   diferentes	  
competencias,	  entre	  ellas	   las	  espaciales,	  y	  otras	  de	  específicas	  de	   las	  materias	   sobre	  entornos	  
tridimensionales,	   en	   concreto	   de	   visualización	   arquitectónica	   y	   animación	   por	   ordenador.	   Se	  
enfoca	   sobre	   la	   tecnología	   educativa	  mejorada	   y	   en	   general	   toda	   aquella	   tecnología	   TIC	   que	  
pueda	  ayudar	  como	  medio	  para	  la	  consecución	  del	  aumento	  de	  la	  motivación,	  de	  la	  satisfacción	  
y	   de	   la	   adquisición	   de	   las	   competencias	   de	   las	   materias	   estudiadas	   de	   un	   modo	   eficaz	   y	  
eficiente.	  	  
	  
La	  tecnología	  en	  la	  educación	  normalmente	  se	  percibe	  como	  el	  uso	  de	  ordenadores	  o	  pantallas	  
de	  proyección.	  La	  tecnología	  usada	  en	  los	  casos	  de	  estudio	  de	  esta	  tesis	  es	  	  la	  RV	  y	  la	  RA	  como	  
tecnologías	   destacadas.	   La	   tecnología	   en	   educación	   apoya	   las	   bases	   de	   las	   teorías	   del	  
aprendizaje	  analizadas	  en	  la	  Introducción,	  hipótesis	  y	  objetivos.	  La	  aplicación	  correcta	  de	  la	  RV	  o	  
la	   RA	   empuja	   a	   adaptar	   los	   planes	   de	   estudio	   y	   por	   consiguiente	   de	   las	   materias	   donde	   se	  
aplican,	  y	  realizar	  los	  ajustes	  necesarios	  para	  satisfacer	  las	  oportunidades	  que	  dichas	  tecnologías	  
pueden	  ofrecer.	  
	  
Históricamente	  se	  puede	  pensar	  que	  el	  profesor	  está	  abierto	  a	  la	  inclusión	  de	  la	  tecnología	  en	  el	  
aula,	  lo	  cual	  no	  es	  del	  todo	  cierto	  como	  afirma	  Saettler	  (Saettler,	  1990).	  Aunque	  la	  educación	  ha	  
usado	  e	  introducido	  multitud	  de	  tecnologías	  y	  de	  innovaciones	  en	  los	  últimos	  50	  años,	  el	  sistema	  
educativo	  ha	  usado	  esporádicamente	  la	  tecnología	  (Reiser,	  1987).	  Coll	  y	  Martí	  (Coll	  M.	  ,	  2008)	  en	  
su	  análisis	  de	   las	  TIC	  y	  su	   incidencia	  en	  el	  ámbito	  de	   la	  educación	  escolar,	  plantean	  una	  doble	  
entrada.	   La	   primera	   se	   basa	   en	   cómo	   estas	   tecnologías	   pueden	   ser	   utilizadas	   con	   provecho,	  
habida	   cuenta	   de	   sus	   características,	   para	   promover	   el	   aprendizaje;	   la	   segunda,	   en	   cómo	   la	  
incorporación	   de	   las	   TIC	   en	   la	   educación,	   denominadas	   TEL	   y	   los	   usos	   que	   se	   hacen	   de	   ellas	  
pueden	   llegar	   a	   comportar	   una	   modificación	   sustancial	   de	   los	   entornos	   de	   enseñanza	   y	  
aprendizaje.	  
	  
El	   Informe	   Horizon	   (Garcia,	   2010)	   identifica	   las	   siguientes	   tendencias	   clave	   en	   la	   adopción	  
tecnológica	  en	  la	  educación	  superior	  para	  el	  periodo	  2010-­‐2015:	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• El	  conocimiento	  se	  descentraliza	  en	  tres	  fases	  diferenciadas	  tales	  como	  la	  producción,	  la	  
distribución	  y	  la	  reutilización.	  
	  
• La	   tecnología	   sigue	   afectando	   profundamente	   a	   nuestra	   forma	  de	   trabajar,	   colaborar,	  
comunicarnos	  y	  seguir	  avanzando.	  
	  
• La	  tecnología	  no	  sólo	  es	  un	  medio	  para	  capacitar	  a	  los	  estudiantes,	  sino	  que	  se	  convierte	  
en	  un	  método	  de	  comunicación	  y	  de	  relación,	  así	  como	  una	  parte	  ubicua	  y	  transparente	  
de	  su	  vida.	  
	  
• Los	   docentes	   y	   muchas	   de	   las	   instituciones	   en	   las	   que	   trabajan	   van	   perdiendo	  
paulatinamente	   sus	   recelos	   hacia	   las	   tecnologías,	   desaparecen	   progresivamente	   la	  
distinción	  entre	  fuera	  de	  línea	  y	  en	  línea.	  
	  
• La	  forma	  de	  pensar	  acerca	  de	  los	  entornos	  de	  aprendizaje	  está	  cambian	  pasando	  de	  ser	  
lugares	  totalmente	  físicos	  a	  espacios	  TEL	  comunitarios,	  interdisciplinares	  y	  virtuales.	  
	  
• Las	   tecnologías	  que	  usamos	  se	  basan	  cada	  vez	  más	  en	   la	  nube,	  y	   las	   tecnologías	  de	   la	  
información	  tienden	  a	  descentralizarse.	  
	  
	  
Una	  de	  las	  denominaciones	  más	  extendidas	  entre	  la	  literatura	  que	  aborda	  esta	  temática	  es	  la	  de	  
nativos	  e	   inmigrantes	  digitales,	   introducida	  por	  Prensky	   (Prensky	  M.	   ,	   2001).	   Prensky	   sostiene	  
que	  los	  estudiantes	  han	  cambiado,	  no	  sólo	  de	  forma	  superficial	  variando	  su	  forma	  de	  hablar	  o	  su	  
vestuario	   como	  ha	  pasado	  en	   generaciones	   anteriores,	   sino	  que	  esa	   singularidad	  es	  debida	   al	  
profundo	  impacto	  que	  ha	  generado	  la	  introducción	  de	  la	  tecnología	  digital	  en	  su	  vida	  cotidiana.	  
Para	   Prensky	   representan	   la	   primera	   generación	   que	   creció	   con	   esta	   tecnología	   y	   como	  
resultado	   de	   ello	   no	   piensan	   ni	   procesan	   la	   información	   de	   la	   misma	   manera	   que	   sus	  
predecesores,	  ya	  que	  sus	  patrones	  de	  pensamiento	  han	  cambiado.	  A	  estos	  nuevos	  estudiantes	  
los	  denomina	  nativos	  digitales.	  
	  
	  
2.4.1 La	  tecnología	  en	  la	  educación	  
	  
El	  paradigma	  tecno-­‐económico	  actual	  y	  el	  empleo	  de	  las	  TIC’s	  han	  modificado	  la	  forma	  en	  que	  
“nacemos,	  vivimos,	  aprendemos,	   trabajamos,	  producimos,	   consumimos,	   soñamos,	   luchamos	  o	  
morimos”	   (Castells	   M.	   ,	   2000),	   por	   lo	   tanto	   la	   forma	   en	   que	   se	   genera	   y	   transfiere	   el	  
conocimiento	  en	  donde	  la	  llamada	  Sociedad	  2.0	  es	  la	  creadora	  y	  diseminadora	  de	  	  contenidos,	  
asumiendo	  y	  explotando	  todas	  las	  herramientas	  y	  características	  de	  la	  Web	  2.0	  (Alexander	  B.	   ,	  
2006).	  El	  marco	  social	  en	  el	  que	  ubicamos	   la	   incorporación	  de	   las	  TIC	  en	  educación	  es	  el	  de	   la	  
sociedad	  digital	  (Castells	  M.	  ,	  2007).	  Sin	  embargo,	  la	  incorporación	  de	  las	  TIC	  a	  la	  educación,	  así	  
como	   la	   idea	   de	   su	   potencial	   capacidad	   transformadora,	   aparece	   mucho	   antes	   de	   las	  
posibilidades	   tecnológicas	   actuales	   relacionadas	   con	   la	   intercomunicación	   e	   interconexión.	   En	  
este	   cambio	  de	  modelo	  docente	   también	  cobra	  especial	   relevancia	  el	   impacto	  de	   las	  TICs	   con	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sus	   posibilidades	   tanto	   para	   la	   elaboración	   del	   conocimiento	   como	   para	   su	   adquisición	   y	  
transmisión.	  El	  gran	  reto	  se	  encuentra	  en	  la	  modificación	  del	  papel	  del	  profesor	  en	  relación	  con	  
el	   proceso	   de	   aprendizaje,	   dándole	   la	   oportunidad	   de	   adoptar	   métodos	   pedagógicos	   más	  
innovadores,	  más	   interactivos	  y	  para	  diferentes	   tipos	  de	  estudiantes	   (Gardner,	  2000).	  Pero,	  al	  
mismo	  tiempo	  implican	  necesariamente	  un	  esfuerzo	  y	  un	  largo	  período	  de	  concepción,	  así	  como	  
otra	  forma	  totalmente	  distinta	  de	  organizar	  las	  enseñanzas26.	  
	  
Ejemplos	   de	   metodologías	   educativas	   que	   se	   han	   puesto	   en	   marcha	   con	   los	   dos	   primeros	  
objetivos	   existen,	   pero	   es	   difícil	   encontrar	   ejemplos	   del	   tercer	   objetivo.	   Asimismo,	   en	   las	  
prácticas	   donde	   se	   implementa	   el	   tercer	   objetivo,	   la	   mayoría	   de	   las	   soluciones	   implican	  
herramientas	   básicas	   y	   aplicaciones	   derivadas	   de	   una	   conexión	   a	   Internet	   (Ruiz	  M.,	   2011).	   Al	  
respecto,	   podemos	   encontrar	   el	   TPACK	   modelo	   Conocimiento	   Tecnológico	   Pedagógico	   del	  
Contenido	  (Koehler,	  2009),	  el	  cual	  probablemente	  sea	  utilizado	  inconscientemente	  por	  muchos	  
profesores	   y	   que	   se	   alinea	   en	   la	   dirección	   buscada.	   El	   TPACK,	   que	   se	   extiende	   de	   la	   idea	   de	  
Shulman	   del	   conocimiento	   didáctico	   del	   contenido	   (Shulman,	   1986),	   describe	   cómo	   una	  
actividad	   que	   requiere	   de	   tecnología	   debe	   integrarse	   adecuadamente	   en	   el	   aula,	   y	   para	   ello	  
debe	  conectarse	  tres	  áreas	  de	  conocimiento:	  curricular,	  pedagógico	  y	  tecnológico.	  
	  
	  
	  
	  
Figura	  2.2.	  TPACK	  Conocimiento	  Tecnológico	  Pedagógico	  del	  Contenido	  
Permission	  from	  the	  publisher,	  2012	  by	  tpack.org.	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
26	  sobre	  la	  Educación	  Superior,	  D.	  M.	  (1998,	  October).	  en	  el	  siglo	  XXI:	  Visión	  y	  Acción.	  In	  Conferencia	  Mundial	  sobre	  la	  
Educación	  Superior	  Educ	  Med	  Sup	  octubre	  (Vol.	  14,	  No.	  3)	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El	   modelo	   se	   basa	   en	   un	   contexto	   de	   enseñanza	   actual	   caracterizado	   por	   un	   alto	   grado	   de	  
complejidad	  y	  gran	  dinamismo,	  haciendo	  necesaria	  la	  integración	  de	  múltiples	  componentes	  de	  
conocimiento	  (Valverde-­‐Berrocoso,	  2010):	  
	  
	  
• El	  plan	  de	  estudios,	  que	  puede	  ser	  entendido	  como	  el	   tema	  o	  contenido	  seleccionado	  
para	  la	  implementación	  tecnológica,	  incluyendo	  los	  objetivos	  que	  deben	  alcanzarse	  y	  la	  
posible	  necesidad	  de	  conocimientos	  previos.	  	  
	  
• La	  pedagogía,	  que	  incluye	  las	  actividades	  y	  su	  entrega,	  el	  profesor,	   los	  estudiantes	  y	   la	  
evaluación.	  
	  
	  
La	   investigación	   de	   tecnología	   en	   la	   educación	   ha	   estado	   involucrado	   profundamente	   con	   el	  
desarrollo	  y	  aplicación	  de	  las	  aplicaciones	  colaborativas.	  Los	  ordenadores	  y	  las	  herramientas	  de	  
software	  juegan	  diversos	  roles	  en	  diferentes	  momentos	  a	  lo	  largo	  del	  ciclo	  de	  vida	  del	  proyecto.	  
El	   ciclo	   de	   vida	   más	   común	   consta	   de	   cuatro	   fases:	   diseño,	   implementación,	   aprobación	   y	  
evaluación	   final.	   Esencialmente,	   TEL	   busca	   mejorar	   la	   experiencia	   de	   aprendizaje	   de	   los	  
estudiantes	  a	  través	  de:	  
	  
	  
• Apoyar	  la	  participación,	  la	  satisfacción	  y	  la	  retención.	  
	  
• Ayudar	   a	   formar	   profesionales	   emprendedores	   con	   las	   habilidades	   necesarias	   para	  
competir	  en	  el	  entorno	  global	  de	  negocios.	  
	  
• Fomentar	  la	  enseñanza	  inspiradora	  e	  innovadora.	  
	  
• Personalización	  de	  aprendizaje	  que	  promueve	  la	  reflexión.	  
	  
• Servicios	   de	   entrega	   y	   apoyo	   CPD	   (Continuous	   Professional	   Development/desarrollo	  
profesional	  continuo)	  y	  la	  internacionalización.	  
	  
	  
Un	   entorno	   de	   aprendizaje	   virtual	   y	   tecnológico	   (GBL	   o	   VLE	   por	   ejemplo)	   proporciona	   más	  
motivación	  y	  la	  sana	  competencia	  entre	  los	  estudiantes,	  mientras	  que	  permite	  a	  los	  profesores	  
evaluar	   la	   adaptación	   de	   contenido	   solicitado	   a	   múltiples	   formatos	   de	   representación	   y	   el	  
progreso	   de	   los	   estudiantes.	   El	   uso	   de	   estrategias	   de	   enseñanza	   basadas	   en	   los	   juegos	   como	  
veremos	   más	   adelante	   no	   sólo	   ha	   demostrado	   aumentar	   la	   motivación	   del	   estudiante,	   sino	  
también	   como	   una	   tecnología	   que	   facilita	   las	   evaluaciones	   alineadas	   e	   integradas	   utilizando	  
escenarios	   virtuales	   en	   los	   que	   los	   estudiantes	   pueden	   demostrar	   sus	   habilidades.	  
Recientemente,	   algunos	   investigadores	   han	   comenzado	   a	   explorar	   las	   posibilidades	  de	  utilizar	  
los	   teléfonos	   móviles	   para	   evaluar	   a	   los	   estudiantes	   (de-­‐Marcos,	   2010).	   El	   uso	   de	   estos	  
dispositivos	  permite	  no	  sólo	  el	  acceso	  a	   la	  educación	  en	  línea	  (OLE	  y	  ODL)	  y	  ofrece	  un	  sistema	  
mucho	  más	  adaptado	  a	  los	  criterios	  actuales	  para	  la	  movilidad,	  sino	  que	  también	  proporciona	  al	  
profesor	  un	  método	  más	  eficaz	  de	  una	  evaluación	  dinámica	  que	   también	  es	  directa	  y	  efectiva	  
(Zhang,	   2010).	   Boyle	   y	   Hutchison	   (Boyle,	   2009)	   señalaron	   que	   un	   mayor	   uso	   de	   dispositivos	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tecnológicos	   y	   aplicaciones	   genera	   una	   forma	  más	   fácil	   de	   evaluar	   ambas	   tareas	   complejas	   y	  
habilidades	  específicas	  de	  los	  estudiantes.	  Según	  el	  informe	  JISC	  "La	  evaluación	  eficaz	  en	  la	  era	  
digital"27,	  la	  tecnología	  ha	  de	  ser	  utilizada	  para	  crear	  la	  evaluación	  auténtica,	  que	  sirve	  como	  la	  
base	  para	  la	  incorporación	  efectiva	  de	  los	  recursos	  tecnológicos	  en	  las	  aulas,	  con	  el	  objetivo	  de	  
aumentar	  la	  motivación	  de	  los	  estudiantes,	  y	  especialmente	  para	  la	  gestión	  de	  nuevos	  métodos	  
de	  evaluación.	  	  
	  
El	  uso	  innovador	  de	  la	  tecnología	  en	  el	  marco	  universitario	  para	  aumentar	  la	  motivación	  de	  los	  
estudiantes	  y	  la	  satisfacción,	  es	  importante	  porque	  las	  materias	  han	  realizado	  cambios	  notables	  
debido	   a	   la	   aplicación	   de	   reglas	   en	   el	   EEES,	   tales	   como	   la	   reducción	   de	   horas	   de	   clase	   o	   la	  
duración	  de	  los	  cursos,	  desde	  un	  año	  a	  seis	  meses.	  Estos	  cambios	  permitieron	  observar,	  en	  los	  
primeros	   años	   de	   aplicación	   del	   EEES,	   que	   muchos	   estudiantes	   se	   esforzaban	   por	   seguir	   los	  
contenidos	  y	  la	  estructura	  de	  la	  materia.	  suponemos	  que	  los	  estudiantes,	  como	  nativos	  digitales,	  
estarán	  más	  cómodos	  en	  este	  tipo	  de	  experiencia	  de	  aprendizaje	  colaborativo	  (Shen,	  2013)	  que	  
siguiendo	  lecciones	  magistrales	  clásicas.	  Para	  lograr	  con	  éxito	  este	  objetivo	  hemos	  adoptado	  un	  
método	  de	  análisis	  mixto,	  explicado	  en	  el	  siguiente	  capítulo,	  para	  determinar	  los	  aspectos	  más	  
relevantes	   de	   la	   experiencia	   que	   debe	   mejorarse	   tanto	   en	   las	   interacciones	   futuras	   y	   en	   las	  
nuevas	   implementaciones	   tecnológicas	   dentro	   de	   un	   marco	   enseñanza	   (Creswell,	   2011).	   Hay	  
pocos	   ejemplos	   similares	   en	   la	   actualidad	   (Giesbers,	   2013)	   (Kreijns,	   2013)	   con	   un	   carácter	  
claramente	   innovador.	   El	   diseño	   de	   la	   investigación	   de	   la	   presente	   tesis	   se	   centra	   en	   la	  
educación	   universitaria,	   específicamente	   en	   el	   grado	   de	   Ingeniería	  Multimedia	   y	   el	   grado	   en	  
Arquitectura	  de	  la	  Salle,	  Universidad	  Ramon	  Llull.	  En	  las	  asignaturas	  de	  estudio,	  la	  comprensión	  
espacial	  tridimensional	  (3D)	  es	  muy	  importante	  para	   la	  generación	  de	  contenidos	  visuales	  (por	  
ejemplo,	  modelos	   3D,	   animaciones,	   juegos…)	   y	   donde	   la	   tecnología	   avanzada	   TEL	   se	   resuelve	  
como	   muy	   útil.	   Los	   estudiantes	   son	   entrenados	   en	   competencias	   básicas	   para	   sus	   futuros	  
desarrollos	  y	  proyectos	  como	  la	  usabilidad	  del	  producto.	  Por	  estas	  razones,	  ambos	  métodos,	  los	  
cuestionarios	   cuantitativos	   y	   cualitativos,	   fueron	   diseñados	   siguiendo	   las	   normas	   básicas	   de	  
usabilidad	  para	  proyectos	  y	  de	  la	  investigación.	  
	  
Los	  principales	  problemas	  en	  la	  inclusión	  de	  la	  tecnología	  incluyen:	  la	  falta	  de	  ordenadores	  y/o	  
equipos	   adecuados	   para	   las	   experiencias	   diseñadas,	   conectividad	   dudosa,	   períodos	   de	  
formación	  largos,	  fuertes	  inversiones	  requeridas	  por	  ciertas	  herramientas,	  la	  creencia	  de	  que	  la	  
tecnología	   es	   sólo	   para	   el	   ocio	   y	   el	   entretenimiento	   y	   la	   falta	   de	   apoyo	   de	   la	   institución	   y	   el	  
gobierno	  (Guiliarte,	  2008)	  (Georgina,	  2007).	  Por	  estas	  razones,	  es	  fácil	  de	  encontrar	  todo	  tipo	  de	  
investigaciones	   recientes	   que	   se	   centraron	   en	   el	   descubrimiento	   y	   la	   implementación	   de	   las	  
buenas	   prácticas	   para	   la	   enseñanza	   con	   tecnología	   (Hu,	   2006).	   Bajo	   esta	   nomenclatura,	  
encontramos	  complejas	  y	  heterogéneas	  maneras	  (que	  en	  muchos	  casos	  no	  son	  reutilizables	  de	  
un	   dominio	   a	   otro)	   de	   diseñar	   contenido,	  metodologías	   de	   enseñanza	   y	   usos	   eficientes	   de	   la	  
tecnológica	   (Valverde,	  2010)	  con	  el	   fin	  de	  garantizar	  el	  éxito	  de	   las	  experiencias	   (es	  decir,	  que	  
genere	  una	  mejor	  plan	  de	  estudios)	  para	  motivar	  y	  satisfacer	  a	  los	  estudiantes.	  Sin	  embargo,	  la	  
innovación	   tecnológica,	   que	   tiene	   por	   objeto	   mejorar	   el	   proceso	   de	   aprendizaje	   de	   los	  
estudiantes	  (con	  estudios	  del	  uso	  con	   la	  tecnología	  y	  su	  relación	  con	   la	  mejora	  académica	  y	  el	  
rendimiento	   (Georgina,	   2007)),	   debe	   ser	   capaz	   de	   proporcionar	   apoyo	   para	   abordar	   las	  
dificultades	   que	   encuentran	   los	   estudiantes	   con	   el	   uso	   de	   la	   tecnología.	   Para	   incorporar	   una	  
metodología	  basada	  en	  TEL	  en	  un	  entorno	  de	  enseñanza	  específica,	  algunas	   recomendaciones	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
27	  JISC.	  Effective	  assessment	  in	  a	  digital	  age.	  Bristol,	  UK:	  <http://	  www.jisc.ac.uk/digiassess>	  Retrieved	  March,	  2012.	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se	   centran	   principalmente	   en	   entornos	   virtuales,	   e-­‐learning,	   y	   enseñanza	   semi-­‐presecial	   (b-­‐
learning)	  (Rogers,	  2000)	  (Area,	  2010).	  
	  
Las	   características	   específicas	   que	   dan	   forma	   a	   estas	   prácticas,	   podemos	   resumirlos	   en	   los	  
siguientes	  objetivos	  principales:	  	  
	  
	  
• Promoción	   de	   la	   las	   relaciones	   profesor-­‐alumno,	   que	   permiten	   una	   proceso	   de	  
retroalimentación	  más	  eficaz.	  
	  
• El	  desarrollo	  dinámico	  entre	   los	  estudiantes,	  que	  se	  hace	  posible	  gracias	  a	   técnicas	  de	  
colaboración.	  
	  
• Contribución	   a	   una	   mejor	   realización	   de	   tareas	   por	   métodos	   de	   aprendizaje	  
heterogéneos,	  esto	  es	  satisfacer	  las	  altas	  expectativas.	  
	  
• La	   aplicación	   de	   la	   enseñanza	   y	   métodos	   basados	   en	   la	   innovación	   docente	   del	  
aprendizaje	  y	  las	  nuevas	  tecnologías.	  
	  
	  
Estos	  nuevos	   conceptos	   generan	  un	  nuevo	   tipo	  de	  estudiante,	   que	  es	  mucho	  más	  dinámico	   y	  
capaz	   de	   tener	   un	   papel	   más	   participativo	   en	   el	   proceso	   educativo.	   Cualquier	  
metodología	   que	   promueve	   la	   inclusión	   de	   las	   TIC	   en	   la	   enseñanza	   debe	   tener	   los	   siguientes	  
objetivos:	  	  
	  
	  
• Ayuda	  personal:	  Aplicaciones	  que	  permiten	  tanto	  los	  profesores	  y	  los	  estudiantes	  llevar	  
a	  cabo	  tareas	  de	  un	  modo	  más	  rápido	  y	  más	  eficiente	  (por	  ejemplo,	  el	  hojas	  de	  cálculo,	  
procesadores	  de	  texto,	  programas	  de	  dibujo).	  	  
	  
• Mejora	   de	   contenido:	   El	   uso	   de	   herramientas	   que	   permiten	   la	   notificación	   y	   la	  
modificación	   de	   los	   contenidos	   rápida	   y	   eficazmente	   (por	   ejemplo,	   e-­‐mail,	   vídeo,	  
recursos	  multimedia)	  sin	  cambiar	  el	  método	  de	  enseñanza	  básica.	  	  
	  
• Cambio	  de	  paradigma:	  En	  este	  nivel,	  el	  profesor	  reconfigura	  la	  actividad	  de	  enseñanza	  y	  
actividades	  de	  aprendizaje	  para	  utilizar	  las	  nuevas	  tecnologías	  incorporadas.	  	  
	  
	  
2.4.2 La	  realidad	  virtual	  y	  realidad	  aumentada	  	  
	  
La	  RV	  (Burdea,	  2003)	  es	  una	  tecnología	  informática	  que	  tiene	  un	  gran	  potencial	  a	  estudiar	  en	  el	  
campo	  de	  la	  educación	  (Wickens,	  1992).	  La	  razón	  de	  esta	  afirmación	  es	  que	  la	  educación	  es	  un	  
campo	  que	  requiere	  a	  los	  estudiantes	  entender	  datos	  complejos,	  especialmente	  en	  el	  estudio	  de	  
la	  ciencia	  (Millar,	  1991)	  y	  la	  RV	  hace	  que	  la	  tarea	  sea	  más	  fácil.	  La	  RV	  presenta	  la	  información	  en	  
tres	   dimensiones	   con	   el	   usuario	   en	   el	   interior	   del	  mundo	   3D	   (inmersivo)	   con	   la	   capacidad	   de	  
interactuar	  con	  la	  información	  o	  con	  el	  mundo	  virtual.	  La	  interacción	  de	  la	  RV	  imita	  la	  forma	  en	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que	  nosotros,	  como	  seres	  humanos,	  hemos	  aprendido	  a	  interactuar	  con	  nuestro	  mundo	  físico.	  El	  
requisito	   de	   aprender	   conceptos	   abstractos	   (tales	   como	   el	   lenguaje	   escrito)	   y	   entender	   el	  
espacio	   instantáneamente	   se	   reduce	   drásticamente.	   De	   esta	   manera,	   como	   se	   presenta	   la	  
información	  en	  la	  RV	  es	  compatible	  con	  la	  literatura	  en	  educación	  acerca	  de	  diferentes	  estilos	  de	  
aprendizaje.	  La	  literatura	  sobre	  estilos	  de	  aprendizaje	  afirma	  que	  diferentes	  personas	  adquieren	  
la	  información	  de	  manera	  diferente	  (Gardner,	  2000).	  La	  metáfora	  del	  pensamiento	  del	  cerebro	  
derecho	  e	  izquierdo	  se	  utiliza	  para	  describir	  de	  diferentes	  maneras	  cómo	  las	  personas	  piensan	  y	  
toman	  la	  información.	  Literalmente	  Browne	  (Browne,	  1990)	  afirma	  que:	  "Los	  significados	  para	  el	  
hemisferio	   derecho,	   están	   centrados	   en	   cosas	   concretas,	   atado	   a	   lo	   visual	   y	   táctil.	   Los	  
significados	   de	   las	   palabras	   no	   son	   abstractos	   dentro	   del	   contexto	   personal,	   sino	   que	   tienen	  
significados	   específicos	   en	   ciertos	   contextos.	   Mientras	   que	   las	   personas	   con	   el	   hemisferio	  
izquierdo	  dominante	  pueden	  usar	  las	  palabras	  con	  precisión	  para	  comunicar	  con	  un	  significado;	  
quien	   tenga	   dominante	   el	   hemisferio	   derecho	   tendrá	   dificultades	   porque	   el	   significado	   está	  
integrado	   en	   su	   experiencia	   holística.	   El	   alumno	   con	   el	   hemisferio	   derecho	   dominante	   tendrá	  
dificultades	   para	   utilizar	   el	   lenguaje	   para	   expresar	   un	   significado	   explícito.	   El	   alumno	   con	   el	  
hemisferio	  derecho	  dominante	  probablemente	  almacene	  significados	  en	  imágenes,	  impresiones,	  
sin	   asociar	   etiquetas	   verbales	   a	   ellos."	   La	   literatura	   también	   sugiere	   que	   la	   información	   debe	  
presentarse	   en	   el	   estilo	   que	   mejor	   se	   adapte	   al	   estudiante.	   Esto	   permite	   a	   los	   estudiantes	  
entender	  la	  materia	  y	  ampliar	  su	  forma	  de	  pensar	  para	  incluir	  otros	  tipos	  de	  procesos.	  
	  
La	   RA	   está	   relacionada	   con	   la	   tecnología	   RV,	   con	   la	   cual	   presenta	   algunas	   características	  
comunes	  como	  por	  ejemplo	  la	  inclusión	  de	  modelos	  digitales	  2D	  y	  3D	  en	  el	  campo	  de	  visión	  del	  
usuario.	  La	  principal	  diferencia	  es	  que	  la	  RA	  no	  reemplaza	  el	  mundo	  real	  por	  uno	  virtual,	  sino	  al	  
contrario,	  mantiene	  el	  mundo	  real	  que	  ve	  el	  usuario	  complementándolo	  con	  información	  virtual	  
superpuesta	  al	  real.	  El	  usuario	  nunca	  pierde	  el	  contacto	  con	  el	  mundo	  real	  que	  tiene	  al	  alcance	  
de	  su	  vista	  y	  al	  mismo	  tiempo	  puede	  interactuar	  con	  la	  información	  virtual	  superpuesta.	  Con	  las	  
perspectivas	  de	  transformación	  de	  los	  entornos	  virtuales	  de	  enseñanza	  y	  aprendizaje	  a	  corto	  y	  
medio	  plazo	  en	  función	  de	  la	  evolución	  del	  software	  de	  los	  entornos	  de	  inmersión	  3D	  o	  mundos	  
virtuales,	   de	   acuerdo	   con	   (Saba,	   2008),	   los	   entornos	   virtuales	   de	   enseñanza	   y	   aprendizaje	   del	  
futuro	   deberían	   permitir	   integrar	   los	   procesos	   operativos	   de	   una	   institución	   educativa	  
directamente	   relacionados	   con	   los	   estudiantes,	   los	   profesores,	   los	   diseñadores	   y	   los	  
administradores;	  en	  otras	  palabras,	   los	  entornos	  virtuales	  educativos	  deberían	  ser	  entornos	  de	  
gestión	  educativa	  integral	  (Educational	  Management	  Systems).	  	  
	  
En	   los	   casos	   de	   estudio	   que	   hemos	   llevado	   a	   cabo	   y	   publicados	   para	   la	   presentación	   de	   la	  
presente	  tesis,	  hemos	  usado	  sistemas	  de	  RV	  y	  RA	  para	  aumentar	  la	  motivación	  del	  estudiante	  y	  
en	  consecuencia	  aumentar	  la	  satisfacción	  y	  llevar	  a	  cabo	  el	  proceso	  del	  aprendizaje	  de	  un	  modo	  
eficaz	   y	   eficiente.	   Para	   lograr	   los	   objetivos	   de	   la	   tesis,	   se	   ha	   propuesto	   el	   uso	   combinado	   de	  
diversas	   tecnologías	   y	   técnicas,	   incluyendo	   la	   RV,	   la	   RA,	   la	   visualización	   3D	   web,	   el	   uso	   de	  
dispositivos	   móviles,	   la	   gamificación	   y	   los	   sistemas	   LMS29.	   Estos	   dispositivos	   y	   herramientas	  
ayudarán	  a	   los	  estudiantes	  a	  mejorar	  el	  proceso	  de	  comunicación	  y	  presentación	  de	  proyectos	  
complejos	  en	  3D.	  Se	  podría	  decir	  que	  la	  singularidad	  de	  la	  propuesta	  no	  está	  en	  la	  visualización	  
3D	   con	   la	   RV,	   sino	   que	   se	   deriva	   de	   la	   evaluación	   de	   las	   capacidades	   y	   las	   habilidades	   de	   los	  
estudiantes	  alineados	  con	  todos	  los	  objetivos	  (Biggs	  J.	  ,	  1999).	  	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
29	  LMS	  Learning	  Management	  System	  /	  Sistemas	  de	  gestión	  del	  aprendizaje	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2.5 	  La	  gamificación	  
	  
La	  gamificación	  podemos	  definirla	  como	  la	  aplicación	  de	  las	  mecánicas	  de	  estrategias	  de	  juego	  a	  
cualquier	   proyecto,	   idea	   o	   situación	   (Deterding	   S.	   S.,	   2011).	   Por	   ejemplo,	   la	   creación	   de	   una	  
historia	  para	  una	  asignatura	  o	  crear	  desafíos	  en	  lugar	  de	  una	  lista	  de	  objetivos	  son	  métodos	  de	  
gamificación	  en	  la	  educación.	  También	  podemos	  definir	  la	  gamificación	  como	  "El	  uso	  de	  juegos	  
de	  pensamiento	  y	  de	   las	  mecánicas	  de	   juego	  para	  atraer	  a	   los	  usuarios	  y	   resolver	  problemas."	  
(Kapp,	  2012).	  	  
	  
En	  nuestra	  investigación,	  queremos	  poner	  en	  práctica	  las	  mecánicas	  de	  juego	  para	  llevar	  a	  cabo	  
un	   aprendizaje	   y	   por	   ende,	   una	   enseñanza	   más	   divertida	   y	   amena,	   lo	   que	   en	   consecuencia	  
debería	  permitir	  como	  hipótesis,	  una	  mayor	  motivación	  por	  parte	  de	  los	  alumnos	  así	  como	  una	  
mayor	  retención	  del	  material	  explicado.	  En	  la	  presente	  tesis	  esta	  hipótesis	  ha	  sido	  llevada	  a	  cabo	  
en	   diferentes	   casos	   de	   estudio	   y	   comprobada	   con	   resultados	   expuestos	   en	   diferentes	  
publicaciones	  que	  pueden	  verse	  en	  el	  capítulo	  4	  y	  7.	  
	  
La	   gamificación	   se	   basa	   principalmente	   en	   el	   conductismo	   aunque	   tiene	   implicaciones	   en	  
función	   de	   la	   aplicación	   de	   estas	   mecánicas	   de	   juego	   al	   cognoscitivismo.	   De	   la	   teoría	  
conductivista	  podemos	  extraer	  algunos	  aspectos	  a	  tener	  en	  cuenta	  en	  la	  gamificación:	  
	  
	  
• Observación:	  Observar	  la	  respuesta	  exterior	  de	  los	  estudiantes	  a	  los	  estímulos.	  	  
	  
• Ciclos	   de	   retroalimentación:	   Saber	   en	   qué	   punto	   me	   encuentro	   para	   alcanzar	   la	  
competencia	  me	  permite	  ver	  lo	  que	  he	  alcanzado	  y	  lo	  que	  me	  falta	  mediante	  pequeños	  
pasos	  cuantificables	  hasta	  llegar	  a	  la	  meta.	  
	  
• Refuerzo	   por	   recompensas:	   El	   aprendizaje	   aparece	   por	   el	   estímulo.	   Los	   estudiantes	  
aprenden	   a	   asociar	   los	   resultados	   con	   lo	   que	   pasa	   en	   el	   aula.	   De	   aquí	   pueden	   partir	  
conductas	  mecánicas	  o	  recurrentes.	  
	  
	  
En	  base	  al	   conductismo,	   la	  gamificación	  ofrece	  una	   serie	  de	   recompensas	  como	  componentes	  
dinamizadores	   del	   juego.	   Estas	   pueden	   ser	   insignias,	   niveles	   extras,	   bienes	   físicos	   o	   virtuales,	  
puntuaciones,	  distintivos,	  etc.	  
	  
La	   motivación	   es	   el	   objetivo	   principal	   en	   la	   aplicación	   de	   las	   mecánicas	   de	   juego	   o	   la	  
gamificación,	   en	   especial	   cuando	   hablamos	   de	   educación.	   Tal	   y	   como	   aseguran	   Werback	   y	  
Hunter,	  “un	  juego	  bien	  diseñado	  es	  un	  misil	  guiado	  que	  se	  dirige	  al	  corazón	  motivacional	  de	   la	  
mente	  humana”.	  Motivar	  es	  despertar	  la	  pasión	  y	  el	  entusiasmo	  de	  las	  personas	  para	  contribuir	  
con	  sus	  capacidades	  y	  talentos	  a	  la	  misión	  colectiva	  (Valderrama	  B.	  ,	  2015).	  	  
	  
Una	   pregunta	   clave	   es	   cómo	   las	   personas	   en	   función	   de	   su	   perfil	   y	   su	   motivación	   se	   ven	  
afectados	   por	   las	   actividades	   de	   aprendizaje	   gamificado.	   Es	   fundamental	   relacionar	   las	  
actividades	   con	   juegos	   que	   permitan	   la	   resolución	   de	   problemas	   concretos	   siguiendo	   una	  
aproximación	   basada	   en	   una	   actitud	   claramente	   lúdica.	   En	   base	   a	   las	   disertaciones	   de	   Jesse	  
Schell	   (Schell,	   2008),	   requerimos	   de	   una	   historia	   de	   fondo	   bien	   implementada	   con	   metas	  
	  46	  
complejas	   a	   la	   par	   que	   un	   conjunto	   de	   reglas	   simples	   (usable/jugable).	   A	   la	   audiencia	   de	  
cualquier	  juego	  le	  interesa	  la	  trascendencia.	  La	  historia	  debe	  orbitar	  alrededor	  de	  los	  cuatro	  ejes	  
del	  diseño	  de	  juegos.	  Se	  trata	  de	  la	  definición	  del	  	  criterio	  estético,	   la	  creación	  de	  un	  conjunto	  
de	   reglas	   o	  mecánicas	   de	   juego,	   una	   buena	   y	   densa	   historia,	   y	   como	   se	   ha	   mencionaba	   a	  
menudo	  en	  esta	  tesis	  un	  buen	  planteamiento	  tecnológico.	  	  Las	  consideraciones	  al	  respecto	  del	  
espacio	  de	  juego,	  los	  objetos	  (enigmas	  y	  retos	  que	  se	  relacionan	  con	  el	  inventario	  del	  jugador),	  
las	  acciones	  a	  acometer	   (como	  en	  una	  aventura	  gráfica	  o	   conversacional	   clásica,	  posibilitan	   la	  
relación	  entre	  los	  objetos	  y	  el	  espacio	  de	  juego),	  las	  reglas	  definidas	  a	  priori	  (iguales	  para	  todos	  
los	   jugadores/alumnos)	   y	  un	   correcto	  balance	  entre	   la	  destreza	   y	   la	   suerte.	  Victor	  Manrique30	  
sostiene	   que	   para	   gamificar	   cualquier	   situación	   se	   deben	   seguir	   las	   indicaciones	   de	   las	   35	  
mecánicas	  de	  juego	  en	  su	  toolkit	  de	  gamificación.	  O	  las	  47	  propuestas	  que	  	  Andrzej	  Marczewsk	  
31	   define	   en	   su	   blog	   sobre	   gamificación.	   Otro	   de	   los	   exponentes	   clave	   en	   el	   desarrollo	   de	   la	  
gamificación	  ha	  sido	  Yu	  Kai	  Chou32	  con	  su	  framework	  denominado	  Octalysis	  que	  sirve	  como	  base	  
para	  la	  gamificación	  de	  cualquier	  proyecto.	  
	  
	  
	  
Figura	  2.3.	  Octalysis	  de	  Yu	  Kai	  Chou.	  
	  
	  
Gamificación	  en	  la	  educación	  
	  
La	  gamificación	  en	  el	  aula	  sirve	  para	  vencer	  el	  desvinculamiento	  de	  los	  alumnos	  con	  la	  materia,	  
ofrece	   la	   oportunidad	   de	   reflexionar	   de	   forma	   profunda	   sobre	   un	   tema	   y	   posibilita	   cambios	  
positivos	   en	   el	   comportamiento	   (Kapp,	   2012)	   (Zichermann,	   2011).	  Una	   forma	  de	   garantizar	   el	  
aprendizaje	  a	  través	  del	  juego	  se	  logra	  al	  alinear	  las	  mecánicas	  de	  juego	  con	  las	  taxonomías	  del	  
aprendizaje	  de	  Bloom	  (Bloom	  B.	  S.,	  1956).	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
30	  http://www.epicwinblog.net/	  
31	  http://www.gamified.uk/	  
32	  http://www.yukaichou.com	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De	   interés	   para	   los	   docentes	   es	   la	   cuestión	   de	   si	   los	   estilos	   de	   enseñanza	   tienen	   que	   ser	  
adaptados	   a	   los	   estilos	   de	   aprendizaje	   con	   el	   fin	   de	   asegurar	   resultados	   educativos	   positivos.	  
Henson	  y	  Borthwick	   (Henson,	  1984)	  citan	  estudios	  que	  muestran	  aumentos	  significativos	  en	  el	  
rendimiento	  académico	  y	  una	  actitud	  más	  positiva	  hacia	  el	  aprendizaje	  cuando	  los	  estudiantes	  
se	   les	  enseña	  en	  relación	  a	  sus	  estilos	  de	  aprendizaje	   (Emihovich,	  1986).	  Cualquier	  método	  de	  
enseñanza	  debe	  ofrecer	  un	  ambiente	  de	  aprendizaje	  que	  aliente	  a	  los	  estudiantes	  a	  desarrollar	  
el	  procesamiento	  de	  ambos	  hemisferios.	   	  Se	  debe	  dar	   la	  oportunidad	  de	  aplicar	   su	  hemisferio	  
preferido	  para	  el	  aprendizaje	  de	  nuevas	  habilidades.	  Sin	  embargo,	  también	  deben	  ser	  expuestos	  
a	   actividades	   que	   fomentan	   el	   uso	   de	   ambos	   hemisferios	   en	   situaciones	   en	   las	   no	   están	  
penalizados	  por	  el	   fracaso	   (Browne,	  1990).	   Fomentar	  el	  aprendizaje	  y	  aumentar	   la	  motivación	  
son	  clave	  para	  el	  uso	  de	  las	  mecánicas	  de	  juego	  en	  la	  investigación	  de	  la	  presente	  esta	  tesis.	  
	  
Fomentar	   el	   uso	   de	   juegos	   en	   el	   aprendizaje	   más	   allá	   de	   simulaciones	   y	   rompecabezas,	   es	  
esencial	   para	   desarrollar	   una	   mejor	   comprensión	   de	   las	   tareas,	   actividades,	   capacidades	   y	  
operaciones	  que	  diferentes	  tipos	  de	  juego	  pueden	  ofrecer	  y	  examinar	  cómo	  podrían	  coinciden	  
con	   los	   resultados	   de	   aprendizaje	   deseado.	   Todos	   los	   estudios	   en	   contextos	   de	  
educación/aprendizaje	  (Hamari,	  2014)	  (Deterding	  S.	  S.,	  2011)	  (Wei	  Li,	  2012)	  (C.	  Eickhoff,	  2012)	  
consideran	  los	  resultados	  de	  aprendizaje	  de	  la	  gamificación	  en	  su	  mayoría	  positivos,	  en	  términos	  
de	  aumento	  de	  la	  motivación	  y	  el	  compromiso	  en	  las	  tareas	  de	  aprendizaje,	  así	  como	  el	  disfrute	  
sobre	  ello.	  Sin	  embargo,	  al	  mismo	  tiempo,	  los	  estudios	  señalaron	  resultados	  negativos	  que	  como	  
por	  ejemplo,	  los	  efectos	  del	  aumento	  de	  la	  competencia	  (L.	  Hakulinen,	  2013),	  las	  dificultades	  de	  
evaluación	   de	   tareas	   (Domínguez,	   2013),	   y	   el	   desarrollo	   en	   las	   características	   del	   diseño	   del	  
juego	  (T.	  Dong,	  2012).	  
	  
El	  juego	  está	  asociado	  con	  el	  juicio,	  el	  error,	  el	  fracaso	  y	  el	  éxito	  final	  a	  través	  de	  la	  práctica,	  la	  
experiencia,	   la	   reflexión	   y	   el	   aprendizaje.	  Un	  objetivo	   clave	  de	   la	  mayoría	  de	   los	   juegos	  no	  es	  
prohibir	  el	   fracaso	  sino	  desarrollar	  una	  relación	  positiva	  con	  él.	  El	   fracaso	  no	  es	  visto	  como	  un	  
fin,	  sino	  como	  un	  paso	  en	  el	  camino	  hacia	  la	  maestría.	  Los	  procesos	  del	  aprendizaje	  gamificados	  
buscan	   mantener	   una	   relación	   positiva	   mediante	   la	   creación	   de	   ciclos	   de	   retroalimentación	  
rápida.	   En	   muchos	   sentidos,	   el	   paradigma	   que	   rige	   los	   sistemas	   educativos	   actuales	   tiene	  
muchos	  elementos	   lúdicos.	  La	  mayoría	  de	   las	  evaluaciones	  se	  esfuerzan	  por	   la	  objetividad	  y	   la	  
evaluación	   continua,	   que	   en	   el	   marco	   del	   proceso	   de	   Bolonia	   es	   lo	   deseable.	   En	   una	   clase	  
gamificada,	   los	   estudiantes	   ganan	   puntos	   por	   completar	   correctamente	   las	   tareas.	   Estos	   se	  
traducen	  en	  beneficios	  comparables.	  Si	  se	  realizan	  bien,	  los	  estudiantes	  pueden	  "subir	  de	  nivel"	  
y	  así	  estar	  más	  cerca	  del	  nivel	  máximo	  al	  final	  de	  cada	  año	  académico	  (Lee,	  2011).	  
	  
Lo	   que	   distingue	   más	   claramente	   la	   gamificación	   de	   enfoques	   más	   tradicionales	   es	   el	   uso	  
explícito	   de	   la	   competencia	   como	   una	   herramienta	   de	   motivación	   (Nicholson,	   2012).	   Este	  
elemento	  competitivo	  es	  una	  fuente	  de	  motivación,	  aunque	  haya	  algún	  caso	  de	  estudio	  que	  dé	  
resultados	   no	   tan	   positivos	   como	   habíamos	   citado	   anteriormente	   (L.	   Hakulinen,	   2013).	   En	  
general	   y	   en	   su	  mayoría,	   estos	   sistemas	   de	   clasificación	   sirven	   como	  motivadores	   porque	   los	  
participantes	   ven	   sus	   esfuerzos	   públicamente	   y	   de	   inmediato	   reconocimiento	   (Domínguez,	  
2013).	  
	  
En	   gamificación,	   las	   recompensas	  pueden	   ser	   entregadas	   a	   través	  de	   la	   creación	  de	   tablas	   de	  
clasificación,	  insignias	  y	  programas	  de	  fidelización	  para	  alentar	  a	  los	  estudiantes	  a	  divertirse	  y	  a	  
	  48	  
realizar	   una	   actividad,	   al	  mismo	   tiempo	   que	   de	   forma	   casi	   transparente	   se	   consiguen	   rutinas	  
mejoradas	   de	   aprendizaje,	   todo	   ello	   a	   elección	   del	   profesor.	   La	   gamificación	   con	   fines	   de	  
aprendizaje,	  no	  sólo	  se	  centra	  en	   la	  consecución	  de	   insignias	  o	  premios,	  sino	  que	  puede	  servir	  
como	   un	   sistema	   dinámico	   de	   calificación,	   logrando	   una	   mayor	   motivación	   del	   estudiante	  
(Deterding	  S.	  ,	  2012)	  que	  actúa	  como	  paraguas	  informal.	  Este	  método,	  y	  todos	  los	  que	  en	  cierta	  
forma	   utilizan	   enfoques	   prácticos	   como	   el	   descrito,	   ayudan	   a	   obtener	   mejores	   resultados	  
académicos	   y	   de	   los	   procesos	   de	   aprendizaje	   diseñados.	   Acorde	   a	   Sebastian	   Deterding	  
(Deterding	  S.	  S.,	  2011)	  "el	  término	  paraguas	  informal	  lo	  usamos	  como	  elemento	  de	  videojuegos	  
en	  los	  sistemas	  sin	  juegos	  para	  mejorar	  la	  experiencia	  de	  usuario	  (UX),	  y	  la	  participación	  de	  los	  
usuarios	  puede	  ser	  utilizado	  para	   los	  problemas	  educativos:	   la	  motivación	  y	  el	  compromiso	  del	  
estudiante".	  Para	  aplicar	  las	  mecánicas	  de	  juegos	  y	  lograr	  diversión,	  tenemos	  que	  seguir	  algunas	  
reglas.	  Además,	  necesitamos	  medios	  e	  instrumentos	  para	  medir	  la	  cualificación	  y	  el	  grado	  de	  la	  
motivación,	  ya	  que	  los	  estudiantes	  motivados	  son	  más	  eficaces	  en	  el	  aprendizaje	  (Smith,	  2011).	  
En	   términos	   generales	   los	   estudiantes	   necesitan	   la	   sensación	   de	   notar	   el	   éxito	   del	   esfuerzo	  
contra	  un	  desafío	  y	  la	  superación	  de	  una	  dificultad	  para	  empujarlos	  hacia	  adelante	  al	  siguiente	  
nivel.	  	  
	  
Para	   una	   correcta	   gamificación	   existen	   varios	   puntos	   a	   tener	   en	   cuenta,	   que	   varían	  
sustancialmente	   en	   función	   del	   autor.	   Por	   ejemplo,	   como	   escribe	   Lee	   Sheldon	   (Sheldon	   L.	   ,	  
2011),	  para	  conseguir	  un	  sistema	  de	  juego	  para	  alcanzar	  una	  mayor	  motivación	  (Buckleya,	  2014)	  
en	   clase	   tenemos	   que	   asegurar	   metas	   claras,	   y	   explicar	   cómo	   la	   asignatura	   prepara	   a	   los	  
alumnos	   para	   alcanzar	   dichos	   objetivos.	   Es	   importante	   que	   los	   estudiantes	   se	   alineen	   en	   las	  
metas	   y	   quieran	   alcanzarlos,	   dedicando	   tiempo	  en	   clase	   y	   al	   plan	  de	   estudios	   para	   abarcar	   la	  
importancia	   de	   los	   objetivos	   de	   aprendizaje	   y	   el	   sistema	   de	   clasificación	   y	   de	   obtención	   de	  
puntos,	   todos	   ellos	   relacionados	   con	   la	   evaluación.	   Al	   desarrollar	   trabajos,	   tendremos	   que	  
incluir:	  
	  
	  
• "¿Cómo	  se	  puede	  utilizar	  esto	  en	  el	  futuro?".	  	  
	  
• Dar	  a	  los	  estudiantes	  una	  manera	  de	  seguir	  su	  progreso	  en	  cada	  objetivo	  de	  aprendizaje.	  	  
	  
• Una	  lista	  de	  verificación	  online	  o	  un	  mapa	  que	  los	  estudiantes	  completen	  por	  su	  cuenta	  
puede	  ayudar	  a	  mantener	  el	  rumbo,	  como	  el	  mapa	  de	  misiones	  publicado	  por	  el	  autor	  
(Villagrasa	  S.	  F.,	  2014).	  	  
	  
• Crear	   premios	   para	   los	   logros	   a	   conseguir.	   Por	   ejemplo,	   repartir	   fichas	   o	   puntos	   a	   los	  
estudiantes	  que	  contribuyan	  en	  la	  clase;	  un	  estudiante	  que	  obtiene	  diez	  fichas	  o	  puntos	  
gana	  una	  insignia	  "Experto".	  	  
	  
• Añadir	  votaciones	  de	  los	  alumnos	  para	  realizar	  actividades	  de	  clase,	  tales	  como	  debates	  
y	  foros	  en	  línea.	  	  
	  
• Permitir	   a	   los	   estudiantes	   identificar	   las	   contribuciones	   que	   consideran	   valiosas	   crea	  
buenos	   modelos	   para	   otros	   estudiantes,	   así	   como	   proporcionar	   retroalimentación	  
positiva	  para	  el	  estudiante	  que	  contribuye.	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• Pensar	   en	   el	   propio	   juego,	   la	   actividad.	   La	   reflexión	   puede	   revelar	   ideas	   en	   diversas	  
innovaciones	  que	  pueden	  ser	  aprovechados	  para	  la	  educación.	  	  
	  
• Indagar	  a	  los	  estudiantes	  que	  juegos	  que	  juegan	  y	  cómo	  aprendieron	  a	  jugar	  con	  ellos.	  
Hablar	   sobre	   la	   manera	   de	   aprender	   puede	   ayudar	   a	   los	   estudiantes	   a	   mejorar	   sus	  
propias	  técnicas.	  	  
	  
	  
Werback	   sostiene	   que	   existen	   una	   serie	   de	   recompensas	   que	   se	   explican	   desde	   la	   psicología	  
bajo	  la	  teoría	  cognitiva	  (Werbach,	  2014).	  Estas	  están	  enumeradas	  en:	  
	  
	  
• Tangibles/Intangibles:	  Físico,	  real/Virtual,	  verbal.	  
	  
• Esperadas/Inesperadas.	  
	  
• Contingencias:	  Qué	  debe	  hacer	  el	  estudiante	  para	  obtener	  la	  recompensa:	  	  
	  
o Task	  non-­‐contingent:	  Se	  obtiene	  recompensa	  sin	  hacer	  nada.	  
	  
o Engagement-­‐contingent:	  Al	  empezar	  la	  tarea	  obtiene	  la	  recompensa.	  
	  
o Completion-­‐contingent:	  Al	  finalizar	  la	  tarea	  se	  obtiene	  la	  recompensa.	  
	  
o Performance-­‐contingent:	  Al	  realizar	  bien	  la	  tarea	  se	  obtiene	  la	  recompensa.	  
	  
	  
Como	  sostiene	  Werback34,	  hay	  que	  diseñar	  y	  pensar	  bien	  las	  recompensas	  que	  son	  más	  efectivas	  
para	  motivar	  a	   los	  estudiantes	  teniendo	  en	  cuenta	   lo	  que	  es	  significativo,	  provechoso	  y	   la	  que	  
obtenga	  la	  experiencia	  más	  valiosa.	  	  
	  
Las	   recompensas	   intrínsecas	   (las	   que	   se	   realizan	   no	   por	   la	   propia	   recompensa	   sino	   porque	   el	  
estudiante	   lo	   encuentra	   gratificante,	   divertido	  o	   incluso	  emocionante),	   varían	  de	  estudiante	   a	  
estudiante	   y	   básicamente	   las	   podemos	   clasificar	   en	   afinidad,	   autonomía	   y	   competencias	   en	  
general.	   Por	   el	   contrario,	   las	   recompensas	   extrínsecas	   (premio	   fuera	   del	   objetivo	   principal),	  
Zichermann	   (Zichermann,	   2011)	   las	   divide	   en	   4	   categorías:	   poder,	   acceso	   exclusivo,	   estatus	   y	  
tangibles.	  En	  general,	   los	  elementos	  de	  diseño	   	  de	   los	  casos	  de	  estudio	  gamificados	  tienen	   los	  
siguientes	  puntos	  en	  común	  (Brophy,	  2013):	  
	  
	  
• Reglas	   específicas	   y	   objetivos:	   Las	   actividades	   gamificadas	   tienen	   reglas	   que	  
predeterminan	  las	  acciones	  que	  un	  jugador	  puede	  o	  no	  puede	  tomar.	  
	  
• Recompensas:	  Ofrece	  a	  los	  participantes	  SAPS	  (Status,	  Access,	  Power	  and	  Stuff)	  
para	  interactuar	  con	  el	  juego	  con	  éxito.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
34	  http://www.gamifyforthewin.com	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• Retroalimentación	   rápida:	   Se	   centran	   en	   proporcionar	   una	   retroalimentación	  
rápida	  para	  que	  los	  participantes	  pueden	  aprender	  rápidamente	  cómo	  mejorar	  
en	  el	  juego.	  
	  
• Ciclos:	   Incorporar	   elementos	   competitivos	   presentados	   a	   los	   usuarios	   como	  
retos,	   mientras	   que	   el	   resultado	   objetivo	   asociado	   con	   los	   juegos	   permite	   la	  
clasificación	  de	  los	  participantes	  en	  rankings.	  
	  
	  
La	   incitación	   y	   la	   mediación	   de	   comportamientos	   positivos	   de	   aprendizaje	   es	   visto	   como	   la	  
principal	  ventaja	  de	   la	  gamificación.	  Sin	  embargo,	   las	  personas	   tienen	  diferentes	  motivaciones	  
de	   aprendizaje35.	   Algunos	   aprenden	   por	   placer	   o	   para	   satisfacer	   la	   curiosidad,	   mientras	   que	  
otros	   aprenden	   a	   obtener	   recompensas	   (por	   ejemplo,	   un	   trabajo	   de	   alto	   estatus	   y/o	  
recompensas	  financieras).	  La	  cadena	  de	  sucesos	  que	  ocurren	  durante	  el	  juego	  y	  el	  resultado	  de	  
esos	  eventos	  son	  desconocidos	  en	  el	  momento	  en	  que	  el	  producto	  está	  terminado	  (Manrique,	  
2013).	  En	  el	  marco	  MDA	  (Mechanics,	  Dynamics	  &	  Aesthetics)	  (R.	  Hunicke,	  2004)	  (Leblank,	  2013)	  
se	   formaliza	   el	   consumo	   de	   juegos	   dividiéndolos	   en	   sus	   distintos	   componentes:	   las	   reglas,	   el	  
sistema	  y	  la	  diversión;	  Y	  el	  establecimiento	  de	  las	  partes	  de	  diseño,	  las	  Mecánicas,	  Dinámicas	  y	  
la	  Estética:	  
	  
	  
• La	   Mecánica	   describe	   los	   componentes	   particulares	   del	   juego,	   en	   el	   nivel	   de	  
representación	  de	  datos	  y	  algoritmos.	  
	  
• La	  Dinámica	   describe	   el	   comportamiento	   en	   tiempo	  de	   ejecución	  de	   los	  movimientos	  
del	  jugador	  sobre	  las	  entradas	  y	  cada	  salida.	  
	  
• La	   Estética	   describe	   las	   respuestas	   emocionales	   deseables	   en	   el	   jugador	   cuando	  
interactúa	  con	  el	  sistema	  de	  juego.	  
	  
	  
En	  base	  a	  este	  diseño	  Sergio	   Jimenez36	  ha	  creado	  un	  canvas,	  una	  guía	  para	   la	  gamificación	  de	  
proyectos	  como	  puede	  verse	  en	  la	  figura	  2.4.	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
35	  Ver	  Fundamentos	  de	  la	  teoría	  del	  aprendizaje.	  
36	  http://www.gamkt.com	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Figura	  2.4.	  Gamification	  model	  canvas	  de	  Sergio	  Jimenez.	  
	  
	  
Otro	  concepto	  importante	  a	  tener	  en	  cuenta	  cuando	  realizamos	  una	  actividad	  con	  mecánicas	  de	  
juego	   es	   el	   concepto	   de	   flow	   (ver	   figura	   2.5).	   Es	   el	   estado	   en	   que	   nos	   encontramos	   cuando	  
estamos	   centrados	  en	  una	   tarea	   y	  nada	  puede	  distraernos	  de	  ella.	  Un	   juego,	  una	  película,	   un	  
libro,	   un	   concierto	   o	   cualquier	   tipo	   de	   experiencia	   tienen	   un	   buen	   flow	   cuando	   consigue	  
atraparnos,	   cuando	   nos	   hace	   perder	   la	   sensación	   de	   tiempo	   y	   espacio	   y	   nos	   sumergimos	  
completamente	  en	  ella.	  El	  flow	  no	  debe	  ser	  lineal	  sino	  que	  debe	  tener	  forma	  de	  curva	  oscilante	  
de	  forma	  que	  tras	  un	  periodo	  de	  tiempo	  con	  mucha	  acción	  o	  emoción,	  se	  debe	  dar	  al	  usuario	  un	  
momento	  de	  respiro.	  
	  
	  52	  
	  
Figura	  2.5.	  Flow	  Channel.	  
	  
	  
Así	  pues,	  un	  desarrollo	  equilibrado	  de	  nuestras	  asignaturas	  y	  casos	  de	  estudio	  con	  Gamificación	  
tendrán	  como	  pilares:	  
	  
	  
• El	  diseño	  justo	  para	  todos/as.	  
	  
• Un	  correcto	  equilibrio	  entre	  los	  retos	  presentados	  y	  el	  éxito	  de	  realizarlos.	  
	  
• Un	  conjunto	  de	  decisiones	  significativas	  y	  plenas	  de	  significado.	  
	  
• Dosis	  de	  destreza	  (competencia).	  
	  
• Un	  buen	  uso	  de	  la	  mente	  sin	  olvidar	  que	  “el	  hacer”	  también	  será	  importante.	  
	  
• Competiciones	  en	  las	  que	  también	  cabe	  la	  cooperación.	  	  
	  
• Mejoras	  en	  el	  trabajo	  en	  equipo.	  	  
	  
• Trabajo	  colaborativo.	  
	  
• Premios	  y	  recompensas.	  
	  
• Un	  cierto	  nivel	  de	  castigo	  siempre	  dentro	  de	  una	  experiencia	  controlada.	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3	  
3 Metodología del trabajo y casos de 
estudio 
En	  el	  presente	  capítulo	  daremos	  paso	  a	  explicar	  detalladamente	  la	  metodología	  de	  trabajo	  de	  la	  
investigación	  y	  analizaremos	   los	   fundamentos	  básicos	  donde	   la	  presente	   tesis	   se	  enmarca	  con	  
las	  hipótesis	  planteadas,	  sus	  objetivos	  y	  	  las	  aportaciones	  principales,	  esto	  es,	  en	  las	  áreas	  de	  la	  
TEL	  y	   la	  gamificación	  en	   la	  educación.	  Además,	  es	   indispensable	  resolver	   la	  pregunta	  de	  cómo	  
los	  diferentes	  métodos	  y	  aplicación	  de	  la	  tecnología,	  metodologías	  docentes	  o	  técnicas	  como	  la	  
gamificación	  pueden	  ser	  evaluadas	  para	   resolver	   si	   las	  competencias	  que	  se	  quieren	  medir	  en	  
cada	  una	  de	   las	  materias	  se	  adquieren	  con	   la	  evaluación	  de	   la	  motivación	  o	   la	  satisfacción	  del	  
estudiante.	   El	   estudio	   de	  métodos	  mixtos	   para	   evaluar	   la	   motivación	   y	   la	   satisfacción	   de	   los	  
estudiantes	   son	   tratados	   en	   profundidad	   en	   diferentes	   trabajos	   presentados	   en	   esta	   tesis,	  
obteniendo	  como	  	  conclusión	  la	  validez	  de	  usar	  métodos	  mixtos.	  	  
	  
	  
3.1 El	  estudiante	  como	  usuario	  de	  investigación	  
	  
En	  la	  experimentación	  e	  investigación	  de	  hipótesis	  científicas	  en	  base	  a	  la	  respuesta	  del	  usuario,	  
un	   aspecto	   fundamental	   radica	   en	   el	   correcto	   diseño	   y	   uso	   del	   llamado	   “test	   de	   usuario”	   o	  
“encuesta	  de	  perfil”	  que	  permita	   la	  extracción	  de	   los	  datos	  a	  estudiar.	  Un	  error	  habitual	  es	   la	  
simplificación	   de	   estos	   estudios	   al	   concepto	   de	   “usabilidad”,	   como	   definición	   que	   enlaza	   la	  
facilidad	  de	  uso	  o	   interacción	  de	  un	  dispositivo	  físico	  o	  virtual	  con	  un	  usuario	  del	  mismo	  y	  sus	  
capacidades	   humanas	   básicas	   (Nielsen,	   1994).	   Es	   por	   ello,	   que	   podemos	   afirmar	   la	   dificultad	  
existente	  en	  establecer	   formas	  correctas	  y	  adaptadas	  según	  el	  ámbito	  de	  estudio	  para	  probar,	  
medir,	   evaluar	   y	   comparar	   resultados	   cuantificables	   sobre	   la	   experiencia	   del	   usuario.	   Estos	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procesos	  demandan	  definir	  métodos,	  métricas,	  procesos	  y	  herramientas	  para	  la	  medición	  que	  se	  
adapten	  a	  cada	  experimento37.	  
	  
En	   el	   ámbito	   docente,	   la	   tipología	   de	   test	   a	   emplear	   tiene	   habitualmente	   como	   objetivo	  
principal,	   valorar	   la	   usabilidad	   de	   nuevos	   procesos	   didácticos	   del	   proyecto	   formativo.	   Este	  
enfoque	  significa	  que	  el	  tipo	  de	  preguntas	  deben	  estar	  orientadas	  a	  la	  metodología	  docente	  y	  no	  
al	   proyecto	   en	   sí	   mismo,	   ya	   que	   la	   evaluación	   del	   proyecto	   se	   realiza	   con	   cuestionarios	  
específicos	   relativos	  al	  mismo.	  De	  esta	   forma,	  y	  en	   función	  del	  método	  de	   formación	  y	  de	   los	  
resultados	   obtenidos	   será	   posible	   reflexionar	   y	   cuestionar	   las	   hipótesis	   iniciales	   y	   revisar	   una	  
implantación	   más	   eficaz	   de	   cómo	   los	   métodos	   docentes	   pueden	   incorporar	   las	   nuevas	  
tecnologías	  de	  forma	  favorable.	  
	  
En	  el	  diseño	  de	  encuestas	  para	  modelar	  la	  respuesta	  de	  implantación	  de	  una	  tecnología	  o	  tipos	  
de	   ellas	   en	   los	   recursos	   docentes	   universitarios	   en	   función	   del	   perfil	   de	   usuario,	   destacan	  
aquellas	  centradas	  en	  medir	  la	  eficiencia	  y	  la	  eficacia	  del	  curso,	  así	  como	  la	  opinión	  y	  grado	  de	  
satisfacción	   y	   preferencias	   de	   los	   estudiantes	   (Martín-­‐Gutiérrez,	   2010).	   Esta	   práctica	   está	  
normalizada	  y	  aceptada	  por	  la	  imposibilidad	  de	  trabajar	  siempre	  con	  muestras	  del	  100%	  de	  un	  
universo	   definido	   de	   usuarios.	   No	   obstante,	   la	   selección	   de	   una	   muestra	   representativa	   que	  
refleje	  un	  comportamiento	  generalizado	  es	  una	  cuestión	  compleja	  (Heckman,	  1997).	  Es	  habitual	  
y	   especialmente	   en	   los	   trabajos	   de	   investigación	   realizados	   en	   entornos	   universitarios,	  
encontrarse	   una	   problemática	   en	   la	   selección	   de	   la	   muestra	   de	   estudio,	   la	   cual	   suele	   estar	  
compuesta	   por	   estudiantes	   universitarios	   del	   centro,	   o	   de	   la	   rama	   de	   conocimientos	   más	  
cercana	   al	   investigador	   o	   grupo	   que	   publica	   el	   trabajo	   (siendo	   innumerables	   las	   posibles	  
referencias	   en	   las	   que	   basamos	   esta	   afirmación,	   así	   como	   especialmente	   destacable	   en	   los	  
estudios	  psicológicos	  (Schaefer,	  2010)	  (Gross,	  1995).	  Dicha	  muestra	  suele	  estar	  compuesta	  por	  
jóvenes	   entre	   los	   18	   y	   los	   28	   años	   (periodo	   universitario),	   habitualmente	   compensados	   por	  
sexos,	   de	   una	   procedencia	  más	   o	  menos	   uniforme	   (mismo	   país	   o	   región),	   y	   un	   estrato	   social	  
también	  habitualmente	  homogéneo	  (ya	  que	  podríamos	  afirmar	  que	  el	  acceso	  a	  un	  determinado	  
centro	  universitario	   suele	  estar	   condicionado	  a	  un	  nivel	   académico	   y	  económico,	   aspecto	  que	  
diferencia	  a	  los	  alumnos	  de	  centros	  o	  facultades	  diferentes).	  
	  
Este	   aspecto	   debe	   ser	   tenido	   en	   cuenta	   en	   el	   estudio	   y	   análisis	   de	   cualquier	   test	   en	   la	  
implantación	  tecnológica	  en	  el	  ámbito	  educativo	  ya	  que	  no	  será	  lo	  mismo	  realizar	  dicha	  acción	  
en	   un	   entorno	   con	   alumnos	   de	   clase	  media/alta	   en	   una	   zona	   geográfica	   con	   capacidad	   para	  
adquirir	  y	  usar	  dichos	  dispositivos	  o	  aplicaciones	  que	  por	  el	  contrario	  hacer	  el	  mismo	  proyecto	  
de	  implantación	  tecnológica	  en	  un	  área	  geográfica	  o	  facultado	  o	  entorno	  cuyos	  estudiantes	  no	  
hayan	  podido	  tener	  esa	  “experiencia	  previa”,	  generándose	  lo	  que	  se	  define	  como	  brecha	  digital.	  
La	  fiabilidad	  de	  un	  estudio	  no	  depende	  de	  una	  manera	  cuantitativa	  del	  número	  de	  muestras	  que	  
se	  tomen	  (por	  ejemplo	  cuando	  hacemos	  un	  test	  o	  encuesta	  para	  comprobar	  una	  hipótesis),	  sino	  
de	   lo	  que	  se	  desvía	   la	  media	  de	   los	   resultados	  de	   la	  hipótesis	  nula	   (es	  decir	  de	   la	  ausencia	  de	  
verdad,	  o	  lo	  que	  llamamos	  el	  centro	  de	  la	  distribución).	  Así	  mismo	  y	  para	  el	  caso	  de	  pequeños	  
grupos	  de	  trabajo	  (n<30),	  se	  hace	  vital	  definir	  metodologías	  de	  análisis	  que	  permitan	  extrapolar	  
resultados	  y	  validar	  las	  hipótesis	  de	  estudio	  (Bono,	  2000)	  (Cheryl,	  2010	  ).	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
37	  www.xperienceconsulting.com/imagenesup/whitepaper_testea_evalua_y_decide.pdf	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En	  estos	  casos	  de	  pocas	  muestras,	   las	  valoraciones	  extremas	  (tanto	  positivas	  como	  negativas),	  
nos	  generarán	  altos	  valores	  de	  significación	  estadística	   (bajos	  valores	  de	  p)	  porque	  se	  alejarán	  
de	   la	   hipótesis	   nula	   o	   lo	   que	   coloquialmente	   podríamos	   definir	   como	   respuestas	   ambiguas.	  
Teniendo	  en	  cuenta	  dichos	  conceptos	  y	  el	  número	  bajo	  de	  muestras	  con	  las	  que	  previsiblemente	  
trabajaremos,	  es	  necesario	  recordar	  que	  la	  distribución	  de	  estudiantes	  tiende	  precisamente	  a	  la	  
distribución	  normal	   cuando	  el	  número	  de	  datos	  es	  grande	  o	  muy	  grande.	  En	  principio	  es	  más	  
conveniente	  utilizar	  la	  t	  de	  Student	  cuando	  el	  número	  de	  datos	  es	  menor	  o	  de	  orden	  cercano	  a	  
30	  (aspecto	  que	  se	  estima	  como	  una	  población	  pequeña),	  para	  no	  usar	   la	  normal	  que	  no	  sería	  
adecuada	   en	   estos	   casos.	   Teniendo	   en	   cuenta	   la	   variable	   T	   y	   la	   forma	   de	   su	   distribución	   (de	  
campana	  entorno	  al	  cero	  de	  la	  variable),	  un	  alto	  valor	  de	  p	  se	  consigue	  cuando	  estamos	  alejados	  
de	  la	  media	  de	  la	  población,	  influyendo	  directamente	  el	  número	  de	  encuestados	  (a	  través	  de	  los	  
grados	   de	   libertad),	   y	   la	   desviación	   estándar	   de	   la	   muestra:	   donde	   para	   tener	   una	   buena	  
significación	   estadística	   que	   confirme	   hipótesis	   de	   trabajo,	   la	   desviación	   estándar	   debe	   ser	  
pequeña,	  ya	  que	  si	  hay	  mucha	  dispersión	  en	  los	  datos	  influiría	  negativamente.	  
	  
La	  investigación	  en	  experiencia	  de	  usuario	  (UX)	  se	  basa	  en	  estudios	  cuantitativos	  y	  cualitativos.	  
En	  resumen,	  la	  investigación	  centrada	  en	  UX	  se	  divide	  en:	  	  
	  
	  
• Los	   estudios	   cuantitativos:	   De	   correcta	   aplicación	   con	   muestras	   elevadas	   y	   entornos	  
repetitivos.	  
	  
• Los	   estudios	   cualitativos:	   De	   correcta	   aplicación	   con	   muestras	   pequeñas	   y	   casos	  
concretos.	  
	  
• Los	   estudios	   mixtos:	   Mezclan	   los	   estudios	   cuantitativos	   y	   cualitativos.	   De	   correcta	  
aplicación	   para	   obtener	   indicadores	   y	   obtener	   una	   valoración	   personal	   de	   dichos	  
indicadores.	  
	  
	  
Para	  la	  presente	  tesis,	  usaremos	  los	  métodos	  mixtos	  de	  evaluación	  para	  resolver	  la	  adecuación	  
de:	  
	  
	  
• La	  Innovación	  docente	  para	  la	  mejora	  en	  la	  motivación	  y	  satisfacción	  de	  los	  estudiantes.	  
	  
• La	  aplicación	  de	  TEL	  en	  el	  aula	  con	  nativos	  digitales.	  
	  
• La	  gamificación	  en	  el	  aula.	  
	  
	  
3.1.1 Estudios	  cualitativos	  de	  experiencia	  docente	  
	  
Los	  métodos	  cualitativos	  se	  utilizan	  comúnmente	  en	   los	  estudios	  de	  usabilidad,	  que	   inspiraron	  
en	   la	  psicología	  experimental	  y	  en	   las	  muestras	  de	  uso	  de	  paradigma	  hipotético-­‐deductivo,	  de	  
los	  usuarios	  que	  son	  relativamente	   limitados.	  En	  este	  caso	  de	  estudio,	  usamos	  el	  BLA	   (Pifarré,	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2007)(Bipolar	   Laddering),	   para	   la	   evaluación	   de	   la	   opinión	   de	   los	   estudiantes	   mediante	  
entrevistas	  personales	  de	  una	   selección	  de	  10	  alumnos,	   siendo	  una	  muestra	   significativa	  para	  
este	   tipo	   de	   análisis.	   El	   método	   funciona	   en	   los	   polos	   positivo	   y	   negativo	   para	   definir	   las	  
fortalezas	   y	   debilidades	   del	   producto.	  Una	   vez	   que	   el	   elemento	   se	   obtiene	   el	   escalonamiento	  
técnico	   va	   a	   ser	   aplicado	   para	   definir	   los	   detalles	   relevantes	   del	   producto.	   El	   objetivo	   de	   una	  
entrevista	   escalonado	   es	   descubrir	   cómo	   están	   conectados	   los	   valores	   personales,	   las	  
consecuencias	   del	   uso	   y	   atributos	   del	   producto	   en	   la	   mente	   de	   una	   persona.	   BLA	   realizar	  
consiste	   en	   tres	   pasos:	   desencadenamiento	   de	   los	   elementos,	   elementos,	   definición	   de	  
elementos	  de	  marcado.	  Una	  vez	  tenemos	  descrito	  el	  cómo	  vamos	  a	  evaluar	   los	  resultados	  con	  
método	   mixtos	   y	   en	   especial	   con	   métodos	   cualitativos,	   queremos	   profundizar	   sobre	   la	  
motivación	  	  del	  estudiante,	  fundamental	  en	  el	  proceso	  del	  aprendizaje	  y	  en	  la	  evaluación	  de	  los	  
estudiantes.	   Los	   estudios	   cualitativos	   normalmente	   tienen	   muestras	   pequeñas	   las	   cuales	  
necesitan	   para	   una	   validez	   correcta	   muestras	   mucho	   mayores.	   Usando	   por	   tanto	   resultados	  
cualitativos	  BLA	  (Pifarré,	  2007)	  es	  posible	  obtener	  nuevas	  variables	  y	  obtener	  un	  nivel	  más	  alto	  
de	   detalle	   en	   el	   resultado.	   Con	   este	   sistema,	   comparado	   a	   otros	   sistemas	   cualitativos,	   se	  
minimiza	  los	  problemas	  principales:	  la	  subjetividad	  y	  la	  no	  generalización.	  	  
	  
La	  migración	  desde	  el	  paradigma	  hipotético-­‐deductivo	  al	  paradigma	  socrático	  fue	  inspirada	  por	  
diversos	   cambios	  en	   la	  psicología	   clínica	   y	  el	   constructivismo	  así	   como	  diversas	  escuelas	  post-­‐
modernas	   de	   psicoterapia.	   Este	   modelo	   de	   trabajo	   defiende	   el	   tratamiento	   subjetivo	   del	  
usuario,	   en	   nuestro	   caso	   el	   alumno	   al	   contrario	   que	   el	   modelo	   objetivo	   que	   propugna	   el	  
hipotético-­‐deductivo	   (Guidano,	   1989).	   Es	   a	   partir	   del	   paradigma	   socrático	   donde	   podemos	  
encontrar	   ubicado	   el	   sistema	  BLA	   (Bipolar	   Laddering),	   un	  método	  de	   trabajo	   que	   lo	   podemos	  
definir	   como	   una	   herramienta	   de	   exploración	   capaz	   de	   definir	   los	   puntos	   clave	   de	   una	  
experiencia	  de	  usuario	  determinada.	  
	  
La	  principal	  característica	  del	  método	  es	  que	  permite	  obtener	  de	  manera	  directa	  las	  sensaciones	  
del	   usuario	   (frustración,	   gratitud,	   éxito,	   fracaso,	   etc.)	   una	   vez	   realizado	   un	   experimento	  
concreto.	  El	  BLA,	   trabaja	  con	  dos	  polos:	  uno	  positivo	  y	  el	  otro	  negativo,	   los	  cuales	  definen	   los	  
puntos	   fuertes	   y	   débiles	   del	   producto	   o	   experiencia	   investigada.	   Una	   vez	   que	   se	   obtiene	   el	  
etiquetado	   se	   efectúa	   el	   estudio	   de	   los	   puntos	   que	  mejor	   detallan	   el	   producto.	  Mediante	   la	  
entrevista	   personal	   se	   consigue	   que	   el	   usuario	   (el	   estudiante	   en	   nuestro	   caso),	   mediante	   un	  
ejercicio	  de	  reflexión	  identifique	  toda	  una	  serie	  de	  aspectos	  y	  valoraciones	  personales	  sobre	  la	  
experiencia	   realizada,	   aspectos	   que	   tanto	   en	   positivo	   como	   en	   negativo	   si	   son	   repetidos	  
reflejaran	  la	  identificación	  de	  los	  diversos	  aspectos	  clave.	  Para	  la	  obtención	  de	  los	  resultados	  se	  
trabaja	  mediante	  tres	  pasos:	  
	  
	  
• Elicitación	  de	  elementos:	   La	   implementación	  del	   test	  se	   inicia	  a	  partir	  de	  una	  plantilla	  
en	   blanco	   donde	   se	   separarán	   los	   aspectos	   positivos	   y	   negativos.	   El	   entrevistador,	   en	  
este	  caso	  un	  profesor,	  preguntará	  al	  usuario,	  en	  nuestro	  caso	  el	  alumno,	  que	  mencione	  
los	  aspectos	  sobre	  la	  experiencia	  que	  más	  le	  han	  gustado	  y	  que	  menos.	  Dichos	  aspectos	  
se	   resumirán	   en	  una	  palabra	   o	   una	   frase	   corta.	   Este	   primer	   paso	  puede	   ser	   abierto	   o	  
limitado,	  es	  decir,	  que	   se	  expongan	  un	  número	   sin	   límites	  de	  aspectos	  o	  que	  estos	   se	  
reduzcan	   a	   un	   número	   concreto,	   como	   sucederá	   en	   nuestro	   caso	   donde	   optaremos	  
porque	  el	  alumno	  indique	  3	  aspectos	  positivos	  y	  3	  negativos.	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• Valoración	   de	   los	   elementos:	   A	   continuación	   con	   la	   lista	   de	   elementos	   positivos	   y	  
negativos	  realizada,	  se	  le	  preguntará	  al	  alumnos	  para	  que	  valoren	  de	  0	  (mínimo	  nivel	  de	  
satisfacción)	  a	  10	  (máximo	  nivel),	  cada	  uno	  de	  los	  elementos,	   independientemente	  del	  
signo	  de	  estos.	  
	  
• Definición	  de	  elementos:	  Llegados	  a	  este	  punto	  podríamos	  afirmar	  que	  empieza	  la	  fase	  
cualitativa	  del	  método.	  El	  entrevistador	  pasa	  a	  leer	  los	  diversos	  aspectos	  que	  el	  alumno	  
ha	   indicado	   de	   ambas	   listas	   y	   le	   pregunta	   por	   una	   justificación	   de	   cada	   uno	   de	   ellos	  
mediante	  una	  técnica	  de	  etiquetado:	  ¿Por	  qué	  es	  un	  elemento	  positivo?,	  ¿Por	  qué	  le	  has	  
valorado	   con	   dicha	   puntuación?	   El	   objetivo	   es	   que	   cada	   pregunta	   se	   ajuste	   a	   una	  
explicación	  específica	  de	  las	  características	  exactas	  que	  hacen	  del	  elemento	  mencionado	  
un	  aspecto	  positivo	  o	  negativo.	  A	  continuación	  se	  pregunta	  al	  alumno	  por	  una	  solución	  
para	  el	  problema	  que	  ha	  descrito	  en	  caso	  de	  elementos	  negativos,	  o	  una	  mejora	  para	  el	  
caso	  de	  los	  elementos	  positivos	  si	  estos	  no	  han	  llegado	  a	  la	  puntuación	  máxima.	  
	  
	  
	  
Figura	  3.1.	  Ejemplo	  de	  test	  BLA.	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En	   resumen,	   los	   métodos	   cualitativos	   tienen	   como	   aspectos	   positivos	   que	   evalúan	   temas	   en	  
profundidad	   y	   se	   obtiene	   un	   feedback	   del	   usuario,	   y	   como	   aspectos	   negativos	   el	   usuario	   en	  
ocasiones	  no	  propone	  y	  no	  se	  acuerda	  de	  todos	  los	  aspectos	  a	  evaluar.	  
	  
	  
3.1.2 Estudios	  cuantitativos	  de	  experiencia	  docente	  
	  
La	   encuesta	   será	   un	   cuestionario	   que	   se	   facilitará	   a	   los	   participantes	   en	   formato	   papel	   y/o	  
online.	   Las	   preguntas	   de	   eficacia	   y	   eficiencia	   se	   han	   creado	   utilizando	   una	   escala	   tipo	   Likert,	  
según	  la	  cual,	  a	  la	  pregunta	  el	  encuestado	  le	  asignará	  una	  valoración	  numérica.	  El	  valor	  asignado	  
indica	  el	  grado	  de	  acuerdo	  o	  desacuerdo	  con	  respecto	  a	  la	  pregunta	  en	  una	  escala	  de	  5	  puntos,	  
de	  forma	  que	  se	  responde	  el	  cuestionario	  valorando	  con	  precisión	  el	  grado	  de	  acuerdo	  sobre	  las	  
afirmaciones.	  En	  el	  test	  cuantitativo	  basado	  en	  la	  escala	  Likert	  (Likert,	  1932),	  nos	  proporcionará	  
la	   primera	   aproximación	   del	   perfil	   y	   los	   gustos	   del	   estudiante.	   Esta	   prueba,	   y	   siguiendo	   la	  
metodología	  prevista,	  se	  llevará	  a	  cabo	  una	  vez	  terminada	  la	  segunda	  fase	  del	  curso,	  y	  antes	  de	  
la	  revisión	  y	  publicación	  de	  las	  calificaciones	  finales.	  La	  escala	  de	  Likert	  es	  la	  escala	  más	  utilizada	  
en	   la	   investigación	   de	   los	  medios	  masivos,	   donde	   cada	   opción	   es	   valorada	   y	   las	   respuestas	   de	  
cada	  encuestado	  son	  sumadas	  para	  obtener	  una	  puntuación	  única	  sobre	  un	  tema.	  Consiste	  en	  un	  
conjunto	   de	   ítems	   presentados	   en	   forma	   de	   afirmaciones	   o	   juicios	   ante	   los	   cuales	   se	   pide	   la	  
reacción	  de	  los	  encuestados	  eligiendo	  uno	  de	  los	  cinco	  criterios	  indicados	  en	  la	  siguiente	  tabla:	  
	  
	  
Value	   Response	  
1	   Strongly	  disagree	  
2	   Disagree	  
3	   Neutral	  
4	   Agree	  
5	   Strongly	  agree	  
	  
Figura	  3.2.	  Escala	  de	  Likert.	  
	  
	  
En	   resumen,	   los	   métodos	   cualitativos	   tienen	   como	   aspectos	   positivos	   que	   evalúan	   temas	  
concretos	  y	  de	  un	  modo	  exacto,	  y	  como	  aspectos	  negativos	  la	  falta	  de	  detalle	  de	  los	  indicadores.	  	  
	  
	  
3.1.3 Estudios	  mixtos	  de	  experiencia	  docente	  
	  
Este	   modelo	   está	   basado	   en	   un	   paradigma	   pragmático	   que	   contempla	   la	   posibilidad	   de	  
combinar	   métodos	   cuantitativos	   y	   cualitativos	   para	   lograr	   resultados	   complementarios.	   En	   la	  
última	   década,	   en	   gran	   parte	   debido	   a	   la	   adaptación	   de	   los	   programas	   a	   aplicar	   las	   normas	  
obligatorias	  en	  el	  EEES	  todo	  tipo	  de	  nuevas	  tecnologías	  han	  incorporado	  en	  el	  aula.	  El	  propósito	  
de	   estas	   prácticas	   de	   enseñanza	   es	   proporcionar	   a	   los	   estudiantes	   las	   habilidades	   y	  
competencias	  descritas	  en	   los	  planes	  académicos	  y	  cursos	  específicos	  en	  cada	  grado	  de	   forma	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rápida	   y	   con	   un	   alto	   grado	   de	   autonomía.	   Los	   recursos	   desarrollados	   combinan	   métodos	  
tradicionales	  con	  sistemas	  interactivos	  y	  móviles	  para	  presentar	  este	  tipo	  de	  contenido	  con	  el	  fin	  
de	  mejorar	  las	  competencias	  en	  la	  visualización,	  el	  análisis	  espacial,	  animación	  por	  ordenador	  y	  
las	  habilidades	  del	  estudiante	  y	  su	  motivación.	  
	  
	  
3.1.4 Enfoque	  mixto	  de	  la	  propuesta	  de	  evaluación	  
	  
A	   continuación	   podemos	   ver	   la	  metodología	   de	   trabajo	   en	   concreto	   sobre	   las	   asignaturas	   de	  
Arquitectura	  de	  Herramientas	  Informáticas	  1	  y	  2,	  y	  cómo	  se	  desarrolla	  el	  enfoque	  metodológico	  
para	  la	  obtención	  de	  resultados	  con	  pre-­‐test	  (perfil	  de	  usuario),	  post-­‐test	  y	  la	  	  aplicación	  de	  BLA.	  
	  
	  
	  
	  
Figura	  3.3.	  Metodología	  de	  trabajo.	  
	  
	  
Pre-­‐Test:	  perfil	  del	  usuario	  y	  evaluación	  de	  la	  motivación	  	  
	  
En	  base	  al	  estudio	  teórico,	  hemos	  diseñado	  dos	  pruebas,	  una	  primera	  centrada	  en	  la	  evaluación	  
de	   la	   tecnología	   (TI)	   y	   el	   perfil	  motivacional	   de	   los	   estudiantes,	   y	   una	   segunda	   diseñada	   para	  
evaluar	   la	   aplicación	   de	   la	   tecnología	   en	   la	   construcción	   de	   la	   educación	   en	   Ingeniería	   y	  
Arquitectura.	   En	   el	   diseño	   de	   la	   encuesta,	   se	   pretende	   modelar	   la	   aplicación	   de	   nuevas	  
tecnologías	  en	  los	  recursos	  docentes	  universitarios.	  En	  función	  del	  perfil	  del	  usuario,	  podremos	  
centrarnos	  en	  la	  eficiencia	  y	  la	  eficacia	  del	  curso,	  y	  en	  el	  nivel	  de	  satisfacción	  y	  las	  preferencias	  
de	  los	  estudiantes.	  Los	  parámetros	  más	  comunes	  que	  debemos	  tener	  en	  cuenta	  en	  la	  evaluación	  
de	   un	   nuevo	   enfoque	   en	   la	   tecnología	   de	   la	   enseñanza	   son	   el	   grado	   de	   conocimiento	   de	   las	  
nuevas	   tecnologías,	   el	   uso	   que	   se	   hace	   de	   las	   redes	   sociales,	   las	   aplicaciones	   y	   programas	  
conocidos,	  y	  el	  conocimiento	  de	  los	  contenidos	  teóricos	  del	  curso	  en	  el	  marco	  del	  programa.	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Post-­‐test	  de	  usabilidad	  
	  
Con	   los	   mismos	   parámetros	   definidos	   en	   el	   pre-­‐test,	   al	   finalizar	   el	   experimento	   se	   vuelve	   a	  
realizar	  un	  test	  sobre	  la	  aplicación	  de	  nuevas	  tecnologías	  y	  el	  perfil	  motivacional,	  y	  una	  segunda	  
diseñada	  para	  evaluar	  la	  tecnología	  y	  metodologías	  usadas	  en	  el	  experimento.	  Con	  el	  post-­‐test	  
de	   usabilidad	   podemos	   evaluar	   la	   evolución	   del	   usuario	   comparándolo	   desde	   el	   inicio	   del	  
experimento	   y	   conocer	   de	   un	  modo	   cuantitativo	   la	   valoración	   en	   el	   uso	   de	   la	   tecnología	   y	   la	  
gamificación	  en	  los	  diferentes	  experimentos	  realizados.	  
	  
	  
	  
	  
Figura	  3.4.	  Post-­‐test	  de	  usabilidad.	  
Sexe $ (male$1,$female$2)
Age
Do$you$repeat$the$subject? (yes$1,$no$0)
Country $
Evaluate$your$motivation$degree$using$informatic$tools (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$methodology$of$the$course (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$practic$content$of$the$course (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Are$you$interested$to$know$new$methods$of$graphic$architectural$representation? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Are$you$agree$to$use$mobile$devices$in$the$educational$framework? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Do$you$think$that$AR/VR$can$be$useful$for$your$studies$in$general? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Do$yo$think$that$AR/VR$can$be$useful$for$viewing$your$projects$in$2DI3D? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Do$you$think$that$AR/VR$are$a$difficult$technologies? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Using$mobile$devices$and$their$apps,$do$you$think$they$can$motivate$you$to$follow$the$subject? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Do$you$think$that$using$new$technologies$you$can$pass$the$subject$more$easy? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
The$time$for$exercises$proposed$is$correct (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
It$has$been$possible$to$solve$the$proposed$exercises (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
The$applications$have$been$stable (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
The$use$of$the$programs$has$been$easy (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Supporting$documentation (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Utility$level$for$architectural$representation (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Utility$general$level$of$the$subject$for$visual$representation (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Perceived$level$of$learning$achieved (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
General$motivation$using$different$visual$technologies (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Teachers$support (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Final$and$global$evaluation$of$the$proposed$methods (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
What$do$you$think$about$the$collaborative$and$virtual$exposition? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
What$do$you$think$about$the$inmersive$visualization.$It$is$useful? (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$utility$of$AutoCAD (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$utility$of$REVIT (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$utility$of$Photoshop (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$utility$of$Illustrator (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$utility$of$3DSMax (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$utility$of$A2$Panel (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Evaluate$the$utility$of$the$inmersive$exposition (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Motivation$using$inmersive$techniques (1#Nule/Very#Bad/Not#agree,#2#Low/Bad,#3#Moderate/Neutral,#4#Good/Agree,#5#High/Completly#Agree)
Pr
of
ile
Pr
e(
te
st
+Q
ue
st
io
ns
G
en
er
al
+a
ss
es
sm
en
t
Pa
rt
ic
ul
ar
+a
ss
es
sm
en
t+(
+S
AL
LE
	  61	  
	  
4	  
 
4 Publicaciones por tesis por compendio 
	  62	  
	   	  
	  63	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Human	  Computer	  Interaction	  (HCI)	  
	  
Duran,	   J.,	   &	   Villagrasa,	   S.	   (2013).	   Teaching	   3D	  Arts	   Using	  Game	   Engines	   for	   Engineering	   and	  
Architecture.	  In	  Virtual,	  Augmented	  and	  Mixed	  Reality.	  Systems	  and	  Applications	  (pp.	  113-­‐121).	  
Springer	  Berlin	  Heidelberg.	  Human	  Computer	  Interaction	  (HCI).38	  
	  	  
	   	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
38	  http://link.springer.com/chapter/10.1007%2F978-­‐3-­‐642-­‐39420-­‐1_13	  
	  64	  
	  
	   	  
Teaching 3D arts Using Game Engines for Engineering 
and Architecture 
 
Jaume Duran 
Universitat de Barcelona, Barcelona, Spain  
jaumeduran@ub.edu 
 
 
Sergi Villagrasa 
La Salle - Universitat Ramon Llull, Barcelona, Spain  
sergiv@salle.url.edu 
 
 
 
Abstract. The main objective of this paper is to evaluate the application of 3D virtual worlds 
for teaching different subjects mainly oriented to architectural visualization and creating 3D 
models for multimedia. The use of 3D technologies, multi-user virtual environments and ava-
tars are new methodologies for the student to have a much richer experience and therefore more 
motivating for a deeper understanding of the assessment and help understand more collabora-
tive the projects. In this paper we work on the concept e-learning and blended learning technol-
ogies related to interactive 3D spaces such as OpenSim, Activeworlds, Secondlife, Unity and 
others. The students’ participation in these virtual 3D environments will help to understand the 
concept of an architectural project and 3D creation, improving collaboration between students 
and teacher, and dramatically increase in a greater understanding of the project and a high de-
gree of their involvement with design develop. The paper describes the method of teaching 3D 
arts using Game Engines like Unity. 
Keywords: Virtual reality; Game engines; Visual learning. 
1 Introduction 
Although many educators have created outstanding learning environments, the belief 
persists that the classroom is the domain of PowerPoint presentations and similar 
tools. This is a non-effective use of electronic capabilities in education. Meanwhile, 
creating more effective learning environments using virtual environments is a highly 
intensive labor. The learning curve is steep for both student and educator. 
It is necessary to evaluate the degree of satisfaction, need [1], and interest that the 
use of these technologies can provide, both in the training of the student and their 
perception of the technology [2][3]. In this paper, we present a proposal for appropri-
ate use of technology, specifically the implementation of Virtual Reality (VR) with a 
classroom-based video game Engine. 
Nowadays, 3D technology and multimedia must assist education in activating all 
senses in order to improve student learning [4][5]. Concretely, we propose the en-
hancement of learning with 3D material, from the application to the Multimedia En-
gineering Grade and Architecture. Our proposal represents mixed learning and blend-
ed learning [6], usable with both face-to-face and virtual classes. 
The applied learning methodology means learning by doing [7], as well as the use 
of applied gamification techniques. The purpose of learning is to create a collabora-
tive project [8][9]. The main objective for ideal blended learning is the use of interac-
tive methods with technology such as Unity or Opensim, plus gamification for engag-
ing students and achieving better learning outcomes. 
Our hypothesis is that the use of 3D virtual environments, video game engines, or 
multi-verse environments will be one of the challenges in the future of education 
[10][11]. This challenge is due in part to the high degree of interaction and collabora-
tion between all the stakeholders. 
To enact this experiment, we will use videogame engines, which we shuffle Unreal 
(UDK) and Unity because of their portability with mobile devices and tablets, their 
high graphical quality, and their multiplatform nature. Also we will experiment with 
multi-verse virtual worlds where the social aspect will take on particular relevance. 
That is, virtual worlds such as Second Life or Open SIM will be important to other 
learning-system developers who are more interested in the social aspect of virtual 
education. 
In this paper, we present a new way of teaching using the modeling, texturing, and 
illuminating capabilities of 3D. This represents a new way of delivering practical 
exercises that substantially involve the student. The purpose is to maintain and incre-
ment the motivation or engagement in different ways. In the 3D technology references 
in this article we propose to create a greater experience and interaction from and for 
the student, in the name of greater global learning. 
The experiment improves how a 3D model is presented. The traditional method is 
composed of presentation classes in which deliveries of 3D model are made by stu-
dents who have to create a determinate 2D model. After this first step the student send 
to the teacher some static images of the model. This kind of exercises is strictly pro-
cedural, in that the student demonstrates that he or she knows how to use the tools for 
the 3D model and then render the result. However, the implication curve is low be-
cause the student looks for a result that may more or less overpass the minimum and 
doesn’t go further in his/her skills with 3D tools. 
Also in the experiment, we add an improvement to the model visualization. The 
presentation implies a greater knowledge for videogames and real-time engines. At 
the same time, we look for a greater interaction and collaboration among students and 
teachers. To involve more implies a pupil with greater motivation. And a greater mo-
tivation makes the student propose greater and more disciplined goals. 
2 3D modeling innovation in ways to learn 
In this new way of presenting and learning 3D modeling, two technologies are used: 
the first one, it is proposed that the delivery of models be online, where the 3D model 
can be uploaded and visualized on the web. In this case, the methodology will be 
3Dclever so that 3D models will be directly uploaded on the web in a simple and ef-
fective way. The web allows the visualization and interaction with the object on a web 
navigator (such as Firefox or Chrome) with HTML5 support. This type of presenta-
tion is useful for directly visualizing the model and evaluating it independently of the 
modeling tool used. Moreover, is possible to visualize in various hardware formats: 
personal computer, laptop or tablet. 
To follow the evolution of the creation of a concrete model is better than a draw-
ing. A 3D model allows for more student involvement and more interactivity. 
The second proposed is use a game engine called Unity for an enhanced interactive 
and user experience. 
To exemplify the last methodology proposed, we shall proceed to explain a real 
exercise applied in a Multimedia degree on the subject of “Computer Animation” at 
La Salle, Ramon Llull University, a six-ECTS-credit course that is taught annually. 
This course has a total of 62 students.  
3 Implementation of the proposal 
The objects represent a model creation that includes a geographic area inhabited with 
roads, wheels, a water tower, etc. [Fig. 1]. Also depicted is a typical house and struc-
tures that could be banks, saloons, food shops, police headquarters, etc. [Fig. 2] 
 
 
 
Fig. 1 3D model of a caravan and saloon in Unity 
 
 
Fig. 2 3D model of a gallow and a saloon in Unity 
 
The implementation that is proposed is a graphic-quality motor in which students’ 
models can be easily incorporated in a virtual world using web navigation in mobile 
devices and personal computers. Students would be able to interact and visit the mod-
els virtually [12]. Also, to potentiate the collaboration among all the class, we propose 
not only to create independent models but to create a far-west town using the input of 
all the students, along with teacher supervision. This project would call upon greater 
collaboration and interactivity. 
So, once all the models are presented, the teacher will introduce the models in the 
engine and from a tablet on the web. All the students will be able to use and “play” in 
the streets of the city created by themselves, visiting the shops of their peers’ crea-
tions [Fig. 3]. The term “play” will have a certain importance in this method, because 
even the use of videogames is fun, it is also educational. 
 
 
 
Fig. 3 3D textured model of a saloon and caravan  
To create a bit of competition and attempt to be cool to peers and the rest of the 
class, the engagement part of the motivation process improves notably. These pro-
cesses, applied in the gamification, are taken into consideration when executing the 
process of this methodology of 3D impartation [13]. 
To evaluate correctly the progress and determine if the objectives in the hypothesis 
represent an improvement in student involvement and greater learning due to the in-
crement in motivation, we will proceed to distribute two surveys, at the beginning of 
the experiment to obtain the student’s profile “see Fig. 4” [14] and at the end of the 
experiment to evaluate the user experience “see Fig. 5” [15]. With these types of sur-
veys we obtained a subjective motivation, efficiency and satisfaction that the student 
has perceived using this new methodology, and basic data about the elements to im-
prove. 
 
 
 
Fig. 4 Extract of the profile test 
 
 
 
 
 
Profile test incorporates specific question about the technology that students will 
use to know the degree of knowledge and expectations about its use. Some questions 
related are: 
 Do you know what VR is? 
 Do you think that is useful for your studies? 
 Do you think that applicating VR would improve your? 
 Do you thing that VR will be difficult in its application? 
 Do you thing that VR technology can be a limitation for the  final? 
 
After completion the experiment, we will define the post-test “Fig. 5”. The main 
purpose of this test is to evaluate student assessments of the course content and the 
support technology (VR in this case). Through the structured test, based on Interna-
tional Organization of Standardization (ISO) 9241-11, it will be possible to evaluate 
the feasibility of using VR technology in educational environments while focusing on 
the usability guidelines of Effectiveness, Efficiency, and Satisfaction.  
 
Fig. 5 Usability post test 
 
In the experimentation and investigation of the scientific hypothesis that serves as 
the basis of the study, a correctly designed and used “user test” will be created to 
allow the extraction of data to study. 
In the teaching field, the typology of any test used has as a principal objective to 
value the usability of any new processes of the training project. This focus means that 
the kind of questions must be oriented to the teaching methodology and not the pro-
ject itself, so that the project evaluation is realized with specific questionnaires rela-
tive to same. So that depending on the function of the training method and the ob-
tained results, it will be possible to validate the initial hypothesis and to review a more 
effective implementation of how teaching methods can be incorporated into the new 
technologies favorably. 
Surveys are designed to model the answer of the implementation of a technology or 
kinds of technologies. In the university, teaching resources depend on the user profile, 
highlighting those that are focused on measuring the effectiveness and efficiency of 
the course, as well as the opinion and degree of satisfaction and pupils’ preferences. 
The survey will be a questionnaire that will be presented to the participants in pa-
per format. The questions of efficacy and efficiency have been created using a Likert 
scale. Each question will be assigned a numerical value. The value assigned will indi-
cate the degree of accordance or disagreement with the question one a five-point 
scale, so that the questionnaire is answered with accuracy in terms of the degree of 
accordance over the affirmations. 
The Likert scale is the most-used scale in investigations where each option is val-
ued and the answers of each person are summed to obtain a unique punctuation of a 
theme [15]. Consisting of a set of items presented according to affirmations or preju-
dices in which reactions are sought from the participants, who choose one of the five 
criteria indicated by the following table “Table 1”. 
 
Value Equivalence 
1 Strongly disagree 
2 Disagree 
3 Fine 
4 Agree 
5 Totally agree 
Table 1. Likert scale 
 
Technically it is chosen the Unity engine to create a virtual world for: 
 
• Notable graphic quality. 
• Upgrade plug-in architecture. 
• Free except exportation to IOS and android. 
• Easy scenario creation without having to program. Fast implementation. 
• Is possible to export to multi-platform web and mobile devices such as an-
droid and IOS even if an expense is involved. 
• Multi-player future possibility (with the smartphone plug-in, for example) so 
that all the class can be at the same time in the virtual town, creating a game. 
 
The possibility exists that, once implemented, the multi-player becomes interdisci-
plinary. This would allow for programming and videogames by the students, adding 
interactivity, actors, and even mini-games within the town. For example, if a student 
has created a bank, in the videogame subject they may implement a banking game. 
Therefore all students apart from visualizing the models created in an interactive 
world, also will use them for executing their own routines of programming and video-
games. Creation is interactive, and 100% unique. The models must have certain min-
imum model conditions so that unity will work. 
4 Future lines 
It is also been experienced that the possibility exists to create multi-diverse worlds for 
avatars and to interact in the virtual world. As in second life, the alternative that it is 
being shuffled is OpenSim. 
OpenSim adds respect to Unity including databases, avatars, positioning a house in 
a town inside a global world, server scripts, etc. In other words, a persistent world that 
is open to everyone. OpenSim is making headway as a viable alternative to Second 
Life. About 98% of the functionality of Second Life is present in OpenSim. The re-
maining 2% primarily deals with vehicle physics.  
For avatar creation, existing plug-ins as EVOLVER where one can make their own 
avatars can be used in OpenSim and Unity where they can also be implemented in the 
multi-player world. 
Unity and OpenSim have the potential to be engaging, interactive ways to deliver 
educational experiences to students. They are more productive, because they include 
students rather than solely relying on teachers to create content. 
5 Conclusions 
In this paper we have reviewed and conceptualized the research of teaching 3D arts 
with virtual reality technologies in a university setting, always considering the model 
sample selection and type of analysis. 
The methodology designed will begin deployment in the academic year 2012-2013, 
beginning in the second half when results will be obtained in the course of “Computer 
Animation” at La Salle, Ramon Llull University. 
In the first qualitative samples taken, it has been observed that the proposed survey 
design is consistent and allows analysis without any problems. It seeks to implement 
technology in teaching through the study of the user profile of students. The survey 
has been implemented with the support of digital Moodle Intranet, allowing fast and 
accurate results. 
The expected results for students are that their academic progress will be faster and 
more satisfying through the use of a virtual reality environment. 
This technology applies learning 3D virtual creation, 3D modeling, 3D animation, 
and creating spaces for architecture, which should lead to a paradigm shift in the 
presentation, visualization, and understanding of media and architectural projects. 
For these reasons we can say that we are in front of teacher and students’ great im-
provement of how learn 3D arts for multimedia and architecture with virtual reality, 
because it pushes for collaboration among students and further achievement levels for 
learning 3D. 
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Mixed-methods research: a new approach to evaluating
the motivation and satisfaction of university students
using advanced visual technologies
David Fonseca • Ernest Redondo • Sergi Villagrasa
 Springer-Verlag Berlin Heidelberg 2014
Abstract A mixed-methods study evaluating the moti-
vation and satisfaction of Architecture degree students
using interactive visualization methods is presented in this
paper. New technology implementations in the teaching
field have been largely extended to all types of levels and
educational frameworks. However, these innovations
require approval validation and evaluation by the final
users, the students. In this paper, the advantages and dis-
advantages of applying mixed evaluation technology are
discussed in a case study of the use of interactive and
collaborative tools for the visualization of 3D architec-
tonical models. The main objective was to evaluate
Architecture and Building Science students’ the motivation
to use and satisfaction with this type of technology and to
obtain adequate feedback that allows for the optimization
of this type of experiment in future iterations.
Keywords User experience  Mixed method research 
Augmented reality  Teaching innovation  Motivation 
Satisfaction
1 Introduction
The current paper is based on three main pillars. The first
pillar focuses on teaching innovations within the university
framework that cultivate higher motivation and satisfaction
in students. The second pillar concerns how to implement
such an innovation; the paper proposes the utilization of
determinate tools of the so-called information technologies
(IT), so that students, as ‘‘digital natives’’, will be more
comfortable in the learning experience [1]. Finally, the
study employs a mixed analysis method to concretely
obtain the most relevant aspects of the experience that
should be improved both in future interactions and in any
new technological implementations within a teaching
framework [2].
While the three pillars mentioned above are not inno-
vations themselves, their integration into an experiment
gives them a clearly innovative character, and there are few
similar examples today [3, 4]. In addition, the design of the
study focuses on the university level, specifically Archi-
tecture studies and the complementary areas of Building
Engineering (the name of the degree is currently under
revision, as Sciences and Building Technologies is the
degree accepted at the governmental level) and Design,
where spatial comprehension is very important and IT
(information technologies) elements are very helpful. Thus,
this work is both novel and justified.
Today, the incorporation of technology into classrooms
is a fact [5], though one cannot affirm that using technol-
ogy will lead to an increase in the motivation, satisfaction,
or academic achievement of students [6]. As will be shown
in Sect. 3, technology must be incorporated into teaching in
a controlled manner; there are some risks that need to be
controlled before one can improve not only the curriculum
but also student skills and knowledge. Academic fields are
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reticent about incorporating technologies associated with
leisure (such as mobile devices). With technology, the
professor must be trained and capable of providing full-
time support to students: He or she must be capable of
offering a good and precise explanation of the practice and
methodology, must correctly select the applications, and
must provide clear final objectives. Previous studies
describe ‘‘critical mistakes’’ in the implementation of
educational technology—mistakes that can generate nega-
tive perceptions among the students and which need to be
avoided [7–10].
The need of and justification for incorporating IT into
the educational process are particularly relevant, and they
are described in the main roles of the European Higher
Education Area (EHEA), which runs the university studies
of member countries, including Spain, where this project
was undertaken [11].
It is common to find studies focused on all teaching
types and levels that evaluate the incorporation of tech-
nology and technological elements into teaching; the most
common examples are the use of computers in the class-
room and the use of digital content for online training [12,
13]. Usually, teachers design educational experiments
based on the technology that is available at their college or
that is accessible to their students, assuming (based on their
experience) that the use of new IT will be possible and
beneficial to students.
However, it must be emphasized that the above-men-
tioned quantitative studies have small sample sizes (quan-
titative studies are focused on defined variables, which are
better described with a large sample and a large number of
respondents), and they lack clear questions to identify the
degree of information that two or more variables could
provide (descriptive, predictive, or casual questions that
differentiates research problems.). These studies are typical
examples of studies that generate incomplete data [14, 15],
lack detail, and are missing variables because of the initial
design flaws.
This lack of accuracy is due to the teachers’ inadequate
preselection of questions; these questions focus on evalu-
ating objectives, without taking into account previous sta-
tistical assumptions, sample size, inappropriate treatment of
the data, and the possible types of errors that could modify
or influence the students’ answers [16]. The possibility of
biased results provides a starting point, previously used in
related academic fields [17], allowing to approach the
experiment with a mixed methodology and benefit from
different data analysis methods. Using complementary
qualitative research, it is possible to obtain new variables to
study in future iterations and more detail for the quantitative
data. Meanwhile, thanks to the quantitative data, it is pos-
sible to minimize the primary problems of the qualitative
research: subjectivity and no generalization [18].
Another factor that has limited studies in some teaching
areas is tradition, while in fields such as medicine, eth-
nography, sociology, and economics, it would not be cor-
rect to present data without properly defining the sample.
In other educational frameworks (such as law, engineering,
or artistic education, which includes architecture), studies
relying on user feedback are less common, either because
of the study methodology, the assumption that user feed-
back is of little utility, or the lack of time for collecting
such information.
For all these reasons, and because Spanish universities
are currently facing a deep social crisis in which the
number of university students in Spain and in other coun-
tries where higher education is costly is in decline, it is
necessary to motivate students more. The goal is to opti-
mize students’ understanding of academic subjects and the
way in which they are taught. The use of ‘‘friendly tech-
nology’’ that is successfully adapted to the specific needs of
each subject must help students better adapt to education at
the university level and to the new sociocultural context in
which IT has a massive presence.
In this paper, a mixed-methods study evaluating the
motivation, satisfaction, and academic performance of
degree students is presented. The methodology is both
quantitative (through a structured test) and qualitative
(using the bipolar laddering (BLA) [19]), and it is based on
the use of augmented reality (AR) to present, visualize, and
discuss an architecture project realized using CAD tools
(computer-assisted design). Whether this type of exercise
can help students understand and improve their 3D skills
will be evaluated. As a starting point, students will work on
their assignment and compare two ways of doing so: the
traditional system that uses printed plans and conceptual
mock-ups and the method of using 3D interactive model
visualizations on mobile devices with different generation
techniques.
The working hypothesis to be confirmed is whether
students who invest less time in the assignment will obtain
better academic results because they are more motivated
and satisfied than they are under the classic working sys-
tem, taking into consideration that today, the architectonic
teaching field is based almost 100 % on digital drawings
and photomontages of 2D and 3D images. The secondary
objective was to ascertain through a mixed-methods ana-
lysis of quantitative and qualitative data the most positive
and negative aspects of the experience, with the aim of
adapting the implementation method in future iterations
and for other subjects.
Section 3 of this paper includes an overview of aca-
demic performance using AR and discusses how this type
of technology can improve students’ 3D spatial skills. The
main features of quantitative, qualitative, mixed research,
and the user experience (UX) concepts applied in the
Univ Access Inf Soc
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educational framework are described in Sect. 4. In addition,
the study methodology is described. Section 5 includes the
research results, which are discussed in Sect. 6.
2 Mobile technology, education, and their relationship
with universal access and design for all
Simplifying the description of our society, one would affirm
that there are two primary frameworks: real and virtual. In
the real field, the architect is the principal character who
models human spaces together with several others profes-
sionals: civil engineers, factory designers, plant engineers,
structural engineers, etc. In recent years, the designs and
projects in the field of architecture have reflected an evolu-
tion toward more sustainable construction adapted for people
and their environments. This shift has increased the pre-
liminary studies of the characteristics and requirements of
sustainable architecture projects and designs. For these rea-
sons, all studies are usually conducted in two parts: the
project itself (infrastructure, security, etc.) and the user
(typology, access, special needs for disabilities, etc.).
In the virtual framework, uncounted resources have been
dedicated over the last several decades to improve and
generate new models and methods for accessing content
(rules and recommendations), thereby adapting those con-
tents to all types of users and devices [20]. These efforts
are dynamic and constantly changing, especially consid-
ering the constant technological revolution that continu-
ously transforms these devices and their capabilities.
Substantial effort is being made to adapt the content on
mobile devices because their popularization and the pro-
gressive lowering of their cost have given them a signifi-
cant presence in society. In particular, aspects such as
security [21], and adaptation and communication with
users of advanced age [22], or with disabilities [23], are
perhaps the most developed work within Design or Mul-
timedia studies. These aspects are the main disciplines in
the effort to generate applications that are accessible to all
types of users, with customizable and usable interaction
adapted to the basic navigation rules [20].
In the architectural context, the core of the work pre-
sented here, many efforts are made to improve the methods
for visualizing, exposing, and discussing architectural
projects, especially in 3D [24]. The classic methods based
on printed plans and physical models are expensive and
poorly adapted to changes in the characteristics of users.
For instance, performing a plane requires suitable space
and expensive equipment, in the same way that a physical
model requires materials and a slow production system,
making this method expensive and generally not suitable
for people with disabilities. A printed plan that requires
different system units or any other modification generates a
slow workflow and creates clear difficulties when adapting
to a fast-changing society.
For the previously mentioned reasons, digital workflows
have improved the described problems, and university
students (digital natives) are often able to achieve better
methods than many experienced professionals who are
unable to use the new technologies. The visualization and
discussion of an architectural project in 3D using mobile
devices generate a faster workflow, allow students to adapt
their design to the real scale of construction, and allow
them to easily modify and customize the project for little or
no cost.
Previous studies have discussed the use of 3D visuali-
zation in general [25], and specifically AR, for the visu-
alization of architectural design to adapt designs to the
environment, avoiding problems of scaling, lighting, and
texturing [26–29]. In addition, through these technologies,
a user outside of the professional sector can obtain more
enjoyable access to all types of information, such as tourist
applications [30].
Complementing the current developments, and espe-
cially useful in the field of accessibility and Design for All,
are geo-referenced applications. These applications utilize
the user’s position, obtained through their personal mobile
device, to provide extended information that is customized
for all services [23]. In the design of any project, the
architect must be aware of its accessibility once built. The
project should be accessible and adaptable for the users in
their digital formats, enabling any user interaction [31].
Using the geo-referenced capability of these devices, sys-
tems with audio description and AR, all types of users
(experts/non-experts, with/without disabilities, local, and
foreigner) could feasibly to obtain extended information
from any architectural project, both at the user level (author,
year, main topics, etc.) and an advanced level (materials,
type of construction, layers, electrical installations, etc.).
To conclude this section, it is reaffirmed that the ideo-
logical basis of the project is to evaluate how the student
adapts to the use and design of the various visualization
methods that are accessible to any user: in person using 2D
printed layouts, virtually by posting interactive models on
the Internet, or, finally, using AR visualization for a
combined interaction. To the students from the first course,
the importance of generating universally accessible content
is introduced, allowing them to train their skills so that in
the future, they can create more accessible designs for all
types of users and environments.
3 IT in education. 3D models and AR visualization
The incorporation of IT in today’s society has shaped new
forms of interaction at all levels, from communication to
Univ Access Inf Soc
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entertainment to training. However, carrying out new
learning experiences using IT is not an easy process that is
always successful. In fact, it is easy to find previous studies
that have documented the problems and failures in pro-
cesses of implementing IT in education [32–34].
The main problems in executing IT in education
(usually using computers in the classroom or using online
content) include the lack of computers, poor connectivity,
long training periods and hefty investments required by
certain tools, the belief that IT is just for leisure and
entertainment, and the lack of support from both the
institution and the government [33, 35, 36]. For these
reasons, it is easy to find all kinds of recent research
focused on discovering and implementing ‘‘good teaching
practices’’ [37, 38]. Under this nomenclature, complex
and heterogeneous ways can be found (which in many
cases are not reusable from one domain to another) of
designing content, teaching methodologies, and efficient
uses of technological elements [39, 40], in order to ensure
successful experiences (that generate improved curricula)
that motivate and satisfy students.
In the following, some of the main models and meth-
odologies that define ‘‘good teaching practices’’ in using
technology will be reviewed so that the proposed method
can be adapted to these recommendations.
3.1 Good education practices in using IT
IT is a set of tools and applications that allow the incor-
poration and strengthening of new educational strategies,
many of which have been defined in new teaching frame-
works during the last two decades [5, 41]. The interest,
need, and urgency to implement new technologies in
education and in universities in particular are relatively
new [39].
However, technological innovation, which is intended to
improve the student learning process (with studies that link
the use of IT with improved academic performance [36]),
must be capable of providing support to address difficulties
for students while using and interacting with technological
elements.
To incorporate an IT-based methodology into a specific
teaching environment, some recommendations for avoiding
student rejection must be considered (so-called good edu-
cational practices that are primarily focused on virtual
rooms, e-learning, and semi-present teaching [42, 43]).
From the specific characteristics that shape these practices,
four points can be extrapolated, as indicated by the fol-
lowing principal objectives:
• Promotion of professor–student relationships, allowing
for a more effective feedback process
• Dynamic development among students, which is made
possible by collaborative techniques
• Contribution to better task realization by heterogeneous
learning methods, meeting high expectations
• Applying teaching/learning methods based on teaching
innovation and new IT technologies.
These new concepts generate a new type of student, who
is much more dynamic and capable of having a more
participatory role in the educational process (who could be
called a ‘‘3.0 Student,’’ similar to the evolution of Web 2.0
to 3.0). In accordance with Massy and Zemsky [44], any
methodology that promotes the inclusion of IT in teaching
must have the following objectives:
• Personal production help: applications that allow both
the professors and students to carry out tasks faster and
more efficiently (e.g., calculation sheets or text proces-
sers, draw programs);
• Content improvement: the use of tools that allow for the
notification and modification of content rapidly and
efficiently (e.g., e-mail, digital content, video, multi-
media resources) without changing the basic teaching
method;
• Paradigm change: At this level, the teacher reconfigures
the teaching activity and learning activities to utilize
the new incorporated technologies.
Examples of educational methodologies that have
implemented the first two objectives are common, though it
is difficult to find examples that incorporate the third
objective and the practices where the third objective is
implemented. Most of the solutions involve basic tools and
derive applications of an Internet connection [45].
The technological pedagogical content knowledge
model (TPACK [46]) is probably already used by many
teachers unconsciously. TPACK (which extends Shulman’s
idea of pedagogical content knowledge [47]) describes how
an activity that requires technology must be integrated
adequately into the classroom by connecting three knowl-
edge fields: curricular, pedagogical, and technological (see
Fig. 1):
The model is based on a current teaching context
characterized by a high degree of complexity and great
dynamism, making necessary the integration of multiple
knowledge components [48]:
• The curriculum, which can be understood as the theme
or content selected for technological implementation,
including the objectives to be achieved and the possible
necessity of prior knowledge;
• The pedagogy, which includes the activities and their
delivery, the teacher’s and students’ roles, and the
evaluation system;
Univ Access Inf Soc
123
Author's personal copy
• The technical component, including the training nec-
essary for using the technological resources, the
selection criteria for the technological devices, and
the proposed uses for the technology.
If in the process of designing an educational experience,
appropriate individual aspects of the main areas are
included, one may be closer to redefining and integrating
any type of technology into teaching activities, moving
away from classic approaches that have been used in cur-
rent and past technology integration efforts [49]:
• Software-focused initiatives
• Demonstrations of sample resources, lessons, and
projects
• Technology-based educational reform efforts
• Structured/standardized professional development
workshops or courses
• Technology-focused teacher education courses
These approaches tend to initiate and organize their
efforts according to the educational technologies being
used (and preferred by the teacher or the institution) rather
than the students’ learning needs, which is exactly the
opposite of the desired approach in which the user is a
central element of the experience, due to the user’s tech-
nological profile, motivation for experiencing new peda-
gogical methods, and evaluation of both the quantitative
and qualitative aspects of the experience. This approach
provides primordial data about new models of technolog-
ical implementation in the teaching field.
3.2 3D virtual visualization using AR
In architecture and building education, the visual compo-
nent is one of the most relevant aspects for students; hence,
it is important for students to be able to interpret infor-
mation visually [41, 50]. Spatial information is represented
in a number of ways, ranging from traditional methods that
include printed plans and physical models to modern
methods that include digital printed plans and tridimen-
sional models, which allow a greater level of detail and the
ability to navigate and actualize potential changes instan-
taneously. These different visualization methods allow
both students and professionals to work collaboratively and
communicate their ideas about the space and the project
more efficiently [51].
Both CAD and BIM (building information modeling)
have positioned the AEC (Architecture, Engineering and
Construction) sector as one of the main consumers of 3D
technology for the management, design, and display of any
item related to the architectural project. However, these
technologies have not been extended to other devices,
particularly in the case of mobile technologies. For
example, companies such as Autodesk (San Rafael, CA,
USA), one of the largest software manufacturers for
architecture, already had solutions for both 2D and 3D
visualizations in mobile environments in the mid-1990s
(OnSite); however, the lack of appropriate devices and
connections considerably impeded the use of these tech-
nologies. The excessive size of files along with the lack of
affordable, high-performing mobile devices kept the
ubiquitous CAD/BIM models far from classrooms and
even from some professional sectors.
In the last decade, with the emergence of smartphones
and tablets with the latest generation of processors, the
reduced cost of devices and services, the increase in con-
nection speeds, and, in particular, the popularization of Wi-
Fi networks, there has been a real possibility of providing
quality anywhere. It is during this period that concepts such
as QR-Code (Quick Response Code, created by the Japa-
nese company Denso Wave, in 1994) and AR, both of
which involve the use of a camera as well as an informatics
processor, were popularized, while the first references to
this kind of technology date from much earlier (the term
‘‘augmented reality’’ has been attributed to Tom Caudell, a
former Boeing researcher in 1990, but the most clear and
formal work is found in [52]).
Currently, in Spain, 43 % of users that connect to the
Internet do so from a smartphone (210 % more than in
2011). Spain is the European country with the highest
usage of this type of mobile phones (63.2 % of mobile
phone users have smartphones; the United Kingdom is
second with 62.3 % of users; and France third with 51.4 %)
[53]. The navigation functions that smartphones offer, as
Fig. 1 The TPACK Framework and its Knowledge Components.
Reproduced with permission from the publisher, 2012 by tpack.org
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well as their high performance in visual content exchange
between users, have positioned them as indispensable
devices both professionally and socially, especially among
young people and pre-college and university students (as
the current study’s data will show almost 100 % of users in
classrooms classroom have smartphones, opening the
possibility of implementing educational experiences on
these device, as the proposed one in this paper).
However, as is typical with almost all technologies,
adapting content tends to affect interaction and usability on
the one hand and appreciation of the utility of the tech-
nology on the other, which can in turn lead to loss of
motivation and satisfaction with the experience. The ele-
vated number of applications and formats makes it difficult
to work with a single line of products or manufacturers [54]
and renders it necessary to exchange files between different
lines of products and formats. Using different applications
directly impacts the methodological design of any educa-
tional experiment, because it is necessary to plan for more
time in order to explain the applications, reducing time for
other topics directly related to the predefined agenda.
For example, currently in Spain, Autodesk applications
such as AutoCAD, 3DS, and Revit Architecture are the
CAD/BIM products most frequently used by both profes-
sional architects and architecture students. For RA, Jua-
nio, Layar, and Augment, compatible with iOS and
Android, are probably the most-used free applications. A
problem arises when one needs to convert CAD/BIM
models to the RA display system because the formats are
not compatible; new intermediate applications such as
Google Sketchup (paid versions) allow the generation of
compatible models between all of the working solutions.
Previous studies that evaluated the use of IT in teaching
activities related to architecture/construction was focused
on the use of whiteboards, interactive books, social media,
and other resources related to the visualization of 3D
models, buildings, and spaces in architecture education [55,
56]. More recently, immersive technologies have been used
in virtual and AR worlds, and their usefulness has been
assessed by a number of international projects [57–60].
These experiences demonstrated the vast potential of this
technology; however, in education, AR might be considered
a new tool, and further studies are necessary, with particular
focus on the user experience and learning process [41].
4 Mixed-methods research and UX in an educational
framework
4.1 Quantitative, qualitative, and mixed methods
Quantitative and qualitative approaches have historically
been the main methods of scientific research. Currently, a
hybrid approach to experimental methodology has emerged
that takes a more holistic view of methodological prob-
lems: the mixed-methods research approach. This model is
based on a pragmatic paradigm that contemplates the
possibility of combining quantitative and qualitative
methods to achieve complementary results. The value of
research lays not so much in the epistemology of the
method but in its effectiveness [61].
On the one hand, quantitative research focuses on ana-
lyzing the degree of association between quantified vari-
ables, as promulgated by logical positivism; therefore, this
method requires induction to understand the results of the
investigation. Because this paradigm considers that phe-
nomena can be reduced to empirical indicators that repre-
sent reality, quantitative methods are considered objective
[62, 63].
On the other hand, qualitative research focuses on
detecting and processing intentions. Unlike quantitative
methods, qualitative methods require deduction to interpret
results. The qualitative approach is subjective, as it is
assumed that reality is multifaceted and not reducible to a
universal indicator [64].
Qualitative methods have been traditionally linked to
the social sciences because of their association with human
factors, although the mixed approach proposes integration
of quantitative and qualitative approaches with the goal of
facilitating the interpretation of experimental results. This
combination of quantitative and qualitative experimental
designs leads to a wider variety of results when dealing
with human factors that include both numerical results and
the basis for these results. The possibility to work with both
types of information simultaneously in a single study is a
great advantage to a research team: Multidimensional
outcomes make it much easier to propose solutions and
further research steps in a given field of study.
4.2 UX techniques for pedagogical purposes
User research techniques have been historically related to
the HCI field. The user approach in this discipline is mainly
focused on the study of behavioral goals in work settings.
In consequence, the task became the pivotal point of user-
centered analysis and evaluation techniques (e.g., usability
testing [65]). Facing the mechanical vision of HCI user’s
research, Don Norman [66] popularized the term User
Experience to include the feelings and meaningful aspects
of user interaction with machines and services. Since then,
many studies have enriched this trend working on concepts
and new branches of User Experience as design and
emotion, [67], ‘‘Funology’’ [68], ‘‘Hedonomics’’ [69], or
most recently ‘‘Gamification’’ [70].
The current methods in UX do not necessarily include
the end user to participate in the creative process of the
Univ Access Inf Soc
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product. Most of them are guides of imagination exercises
to be more emphatic with the user in concrete scenarios as
cognitive walkthroughs [71], or user persons [72]. On the
other hand, there are also qualitative methods far from
usability standards which allow obtaining subjective
information from users themselves, such as contextual
design [73] or diary methods [74].
4.3 Methodological proposal: case study: 3D-AR
building visualization for architecture students
Research into users, contexts, and cultures has increasingly
taken place in product development cycles. Yet, this is
structured by the objectivist assumption that users are not
creative and do not know what they want [75]. The
methodological approach of this work let the end users, in
this case students of first course of ‘‘Architecture’’ and
‘‘Building Sciences and Technologies’’ degrees of La Salle
Campus Barcelona, Ramon Llull University, participate in
the definition of the final product, in this case a pedagogical
proposal, through methods that allowed them to be creative
during the design process.
The empirical vision of user research does not involve
the intended user in the conceptual design process. Few
user research methods come from experimental psychology
and ethnography and are focused on the observation and
analysis of user behavior. In this project, the intention was
to combine qualitative and quantitative methods in a mixed
methodology to analyze the complex area of individual
user experiences by not only observing their behavior but
also defining the causes of it.
Through qualitative methods, the goal was to explore
users’ desires, needs, and goals when learning about
informatics tools that they would use to present 3D projects
in their future work. The methods that were applied in this
work are a combination of objective methods based on
empirical models and subjective data-gathering techniques
inspired by constructivist psychology interviewing
techniques.
Thus, the active participation of end users can be a
reliable guide for creating a proposal to enhance creativity
in each end user’s field. Turning to Fig. 2, one can observe
the methodological process that was followed.
This project is methodologically based on the ‘‘user
research’’ that has been applied to the field of UX. Mixed
methods have been regularly applied in this discipline to
achieve pragmatic results in the assessment and improve-
ment of the relationship between subjects and students and
RA technologies for architecture. UX techniques are
geared toward the design of products and services, which is
an unorthodox way to consider the user–product relation-
ship. In this particular case, the student is considered to be
the user and the new method is considered to be the product
or service. In this way, the experience is framed as the
implementation of a series of tasks that allow for the
application of techniques for obtaining and systematizing
data to assess student experiences and identify product
improvements.
This study seeks to come closer to depicting the mental
model of a student, or the cognitive scenario in which the
elements are represented as part of the environment, tasks,
and principles that govern its operation and relations [76].
The student, at the end of the experience, will be able to
implement new methods for sharing information using
ubiquitous systems such as smart devices, which will
become increasingly widespread in future professional
work [77, 78].
According to Norman [79], there is always a differ-
ence between the mental model of the user and the
mental model of the designer in defining the handling
and characteristics of the object or service being
designed. This divergence causes deficiencies that
always lead to an upset or under-utilization on the part
of the user. For this reason, the developer must under-
stand the mental model of the users or potential users.
Investigating this divergence between the experience of
the students and intentions of the designer makes it
possible to evaluate the impact of including RA tools in
the experience and to identify points of improvement for
future iterations.
The project was modeled by the CAD/BIM Group of the
Architecture Department of La Salle, Ramon Llull Uni-
versity. The study was performed during the 2012–2013
academic year with students in their first year of an
Architecture and Building Engineering degree. The
experimental framework was completed in the course
‘‘Informatics Tools I’’ a six-ECTS-credit course that is
taught semi-annually.
The course consists of 4 h of lectures, spread over two
weekly sessions of 2 h each, and an additional 3 h of
practical sessions. The students also have weekly 1-h per-
sonal tutorials to address their doubts and solve practical
problems.
The basic objective of the course was to provide stu-
dents with basic skills in architectural interpretation and
reproduction in both 2D and 3D. The secondary objectives
were to enable students to print 2D and 3D reproductions,
as well as to explore methods of interactive visualization,
primarily through the publication of personal blogs and the
display of models with RA at the end of the course. A total
of 48 students participated in the study (18 females and
30 males, mean age = 19.54 years, standard deviation
(SD) = 2.15).
As shown in the proposed work scheme, there is a
constant interaction between the student and the professor
throughout the process. Of particular relevance is the
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feedback process based on data provided by the students,
which will lead to active modification of the methodology
for future iterations of the process.
At the same time, to achieve the most optimal integra-
tion of the student, the course starts at a basic level to allow
the representation of any type of architectural project,
Fig. 2 General scheme of the
methodological process
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based on the requirements of architectural analysis and the
fundamentals of the projects required during the first
2 years of the degree program.
During the first phase, the methodological proposal
focuses on new techniques for enabling the publication and
interactive visualization of 3D models. The success of the
exercises in the second phase will define the success of the
proposal. In addition, an increase in student spatial abilities
and motivation to use such techniques will be evaluated.
Finally, because this class is taught on a yearly basis,
and in the 2011–2012 academic year, the authors began
designing the teaching experience based on multiple uses
of visualization tools [80], certain questions have already
been asked, which will help to compare the evolution of the
student profile in the past two academic years.
4.4 Experimental design
The first step of the process was the selection of the
architectural project to carry out. Usually, the projects
chosen for the experiment were preselected by the aca-
demic coordinators and the university studies’ board of
directors. The projects are generally local projects that
allow for a better approach and knowledge of each case by
the student: public buildings or projects designed by
architects that are part of the university professorship.
In the academic year of reference (2012–2013), ‘‘Casa
B-10’’ (1996–2001) by the architect Jaume Bach and ‘‘Casa
A-M’’ (1999–2001) by the architect Elena Mateu were
selected. These projects present diverse information that is
available in books or present in monographs in the uni-
versity library, with additional information from online
sources, which allows the realization of all types of exer-
cises proposed.
In general, the exercise consisted of making an exposi-
tion to represent a group of the developed project layouts
and had to include the graphic content (Fig. 3). The doc-
uments and information had to be made available to the
exposition visitor through 2D codes and AR techniques on
mobile devices. Format and layout orders were established
to include text, images, and graphs to represent the course
exercises.
Students were required to incorporate the following
elements into their final 3D presentations:
• QR code linking to the personal blog of the student
where they have published advances and pre-deliveries
in both 2D and 3D
• QR code linking to the 3D model so that it can be
downloaded to the mobile device for augmented
viewing
• Spontaneous markings generated by the student that
overlap with the 3D model previously downloaded
• Rendered images of the project as well as information
about it or the architect.
Conceptually, all of the requirements were designed
based on the premise that students can use free options. If
students were required to use the most compatible formats,
the exercise would have been more complicated. Reaching
this point, it should be noted that with the increasing
number of applications, viewers, and systems that facilitate
digital design, it is difficult to find one general solution
among different professional sectors [54].
This working ambiguity is easily observed depending on
the geographic area, with different preferred programs
depending on the country and region and even according to
the university or labor task within the same geographic
area. In the Spanish architectural educational context, the
products developed by Autodesk (San Rafael, CA, USA), a
software leader related to CAD and BIM technologies that
has free licenses for 3 years of the best known and most
commonly used software in drawing and modeling in 2D
and 3D, including AutoCAD, 3DMax, Maya, and
Revit, are the foundations of architectural work today.
With regard to the visualization framework, the working
systems and available programs for any format or device
are innumerable. However, attention should be focused on
the most common formats because of their frequent use and
standardization.
Fig. 3 Examples of final projects
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With Autodesk products, 3D model generation is pos-
sible directly from programs in DWFx or OBJ format (one
of the most widely accepted formats of AR applications),
though this option is not available in all of their products.
DWFx format, which is owned by Autodesk, allows for
visualization and interaction on computer and mobile
devices by installing Autodesk Design Review or Auto-
CAD WS, which evolved to Autodesk360. This format
allows one to work on all types of models both locally and
on the Internet, which is now known as ‘‘the cloud.’’ The
DWFx format is the functional equivalent to PDF3D [81]
and provides a free solution, although it is not common to
find presentations in Spanish teaching architecture frame-
work that use this format [41].
However, if export is made using the OBJ format,
accepted by applications typically used in the Spanish AR
framework as Juanio (Metaio Inc., Munich, Germany),
Layar (Amsterdam, Holland), and Augment (Paris,
France), which are compatible with IOS and Android and
are free or low-cost solutions, a problem arises in the
process of exporting the CAD/BIM models to the AR
display system. It thus becomes necessary to import the
CAD model with Google Sketchup (Google, Inc.,
Mountain View, CA, USA), a visualization and presenta-
tion tool for all types of 3D models. This solution provides
free student and professional licenses, allowing common
CAD/BIM formats, such as DWG, DXF, OBJ, and 3DS,
and raster image formats, such as JPG, GIF, and BMP, to
be imported.
Because there was not enough time to provide students
with a detailed explanation of how to perform the import,
the teachers were required to implement this step. The
students were thus required to submit their 3D models in
CAD, and the teachers were responsible for generating an
OBJ file with simple materials for students to mark it up
during their presentation. If the student subsequently
decided to improve the 3D model or change the OBJ
model, it was his/her responsibility to generate the new
model for the AR system visualization.
5 Results
As stated previously, to evaluate the degree of adaptation
to and satisfaction with the proposed method, as well as the
advantages of working with a mixed system of data col-
lection, students were invited to voluntarily participate in
the study.
Of the 79 students enrolled in the first course of
‘‘Informatics Tools I’’, 20 students had a final rating of NP
(Not Present), i.e., they did not attended the classes or
exams and were excluded from the study. Of the remaining
59 students, 48 took the two quantitative tests (81.35 % of
the students who followed the course and 60.75 % of the
students enrolled, taking into account NP students). For this
evaluation, ISO 9241-11, which provides several usability
guidelines to define effectiveness, efficiency, and satisfac-
tion, was used. The tests were designed with two primary
objectives: to obtain the technological profile of the student
in terms of his/her use and habits surrounding mobile and
Internet technologies and to obtain an overall assessment of
the work.
To assess the academic level achieved after imple-
menting the proposed project, the results of this course
were compared to those from the previous academic year,
in which a traditional methodology was used in the 2D and
3D design phases. To design the pretest or technological
profile test, and the posttest or usage/satisfaction test, a
structured test was used within the university’s Intranet
Moodle system. All of the questions were scored on a five-
point Likert scale (1 = never or strongly disagree,
5 = always or strongly agree). The model used was based
on previous projects [41].
For the qualitative study (using BLA), a balanced
sample of 10 students (5 men and 5 women) who agreed to
participate was randomly selected. In the following sec-
tions, the data collected are reviewed before discussing the
results and their implications.
5.1 User profile and motivation: quantitative study 1
The first test, as shown in Fig. 2, was given once the first
phase of the class ended, at a time when the students
already knew the main characteristics of an architectural
project. This phase had duration of about 2 months, which
allowed for the students to gain a basic understanding of
the subject at hand as well as of the basic concepts in
Artistic Architectural Drawing, Technical Drawing, Con-
struction, Architectural Mathematics, and Physics classes.
The objective of the test was threefold: to assess the
technological profile of the student according to where and
how he or she uses technology, to obtain a feedback on the
theoretical/practical process in the 2D phase, and to char-
acterize students’ perception and knowledge of RA
technology.
The results obtained should allow for a first approxi-
mation of whether the student is ready to use mobile
technology and ubiquitous Internet connections for the
publication of and interaction with architectural content.
Additionally, student perceptions of the system used in the
2D process and the potentiality of RA will be compared
with the second test to get a clear indication of the evo-
lution of student perceptions of, motivation toward, and
satisfaction with the proposed methods.
The first dataset (Fig. 4) shows almost unanimous use of
laptops and smartphones. In-depth comparative analyses of
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the responses to the same questions in the previous year
(2011–2012 academic year, in the same subject and with
the same profile of students, with a total of 78 students:
39 females and 39 males, mean age = 19.40 years,
SD = 3.39) affirm that there is a growing commonality in
the way that students communicate/work/study/interact
with digital devices.
The comparative data show how the increased use of
laptops and smartphones, which integrate technologies
such as playing MP3s/MP4s and digital cameras, caused a
sharp drop in the use of certain devices, especially desktop
computers and basic mobile phones.
Conceptually, such high levels of mobile device usage,
close to 100 % in the current course (Fig. 4), indicate that
students are better prepared to work with systems and
procedures online, which must be confirmed by additional
questions in this round and at the end of the experiment.
Other data extracted from this first study show that about
84 % of students use computers for informational or social
purposes, and this figure raises to 90 % for the study tasks.
These figures are lower for mobile devices, although
interesting trends can be observed: Currently, 64.6 % of
students use mobile devices to search for information (an
increase of almost 20 points over the previous year), about
77 % used for them for social purposes, while the pro-
portion of students who use them for work and study is
lower (an average of 30 %, still far below the 90 % usage
of computers for these tasks).
The increased use of mobile devices and the decline of
desktop devices are reflected directly by changes in con-
nection locations: There has been an increase in the use of
public Wi-Fi (from 17.9 to 39.6 % of students) and a
decrease in connecting to the Internet on computers within
the university (from 92.3 to 85.4 % of students) or at home
(from 97.4 to 93.1 % of students).
In conclusion, addressing the first objective of this
phase, it is found that the students in the sample observed
are strong technology consumers, especially mobile tech-
nology, and frequently use all types of Internet services (as
shown in Fig. 5), which favors the implementation new
teaching methods that involve the use of technologies that
are currently available to and accepted by students.
The next objective of this phase was to assess the degree
of student satisfaction with the theoretical/practical meth-
ods used in the 2D representation. To address this objec-
tive, a set of three questions were constructed and
evaluated on a Likert scale (ranging from 1: strongly dis-
agree to 5: totally agree); the results are shown in Fig. 6.
The results show that 63.5 % of the students had a good
degree of motivation to enact the proposed method (ratings
of 4 or 5) and only 12.5 % of the students responded
negatively (ratings of 2 or 1). Regarding the practical
system used, 72.9 % of students gave ‘‘highly satisfactory’’
responses, and an even higher proportion (81.3 %) was
satisfied with the usefulness of the content developed.
While these data offered a highly positive valuation of the
traditional method implemented in the 2D phase, it was not
until the completion of the course that the results could be
verified, by comparing students’ perceptions of the two
systems proposed.
Finally, in this first test, before specifically discussing
the subject, questions were asked about three aspects
related to the RA technology: the perceived degree of
difficulty of use, the degree of usefulness in working with
three-dimensional models, and the perceived usefulness of
the technology to architectural studies.
As shown in Fig. 7, initially, students did not know how
to assess the degree of difficulty in the use of such a
technology, as was expected, and 97.9 % of the responses
Fig. 4 Technology used in 2011–2012 versus 2012–2013
Fig. 5 Internet use
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fell into the middle category (neutral or both slightly
positive and negative). However, the students perceived the
usefulness of AR technology in both 3D representations
and in future architectural work, evaluating it with positive
values ranging between 62.5 and 58.4 %, respectively,
although there were still high rates of indecision (neutral
responses: 35.4 and 39.6 %, respectively) while waiting for
the practical experience of the second phase.
In conclusion, the study was carried out with a group of
students that was uniform by gender, though not by origin.
A total of 34 % of the group was foreign students, which
could lead to a differentiation in basic education or prior
knowledge. However, the results of the test profile reflect
fairly homogeneous knowledge and technology use. Note
that three persons in the group were hearing impaired; this
profile level difference was not denoted with respect to the
remainder of the class in terms of the technology use.
5.2 Usability test: quantitative study 2
The second test was realized after the second phase of the
course, prior to the review and publication of the final
marks, in accordance with the methodology shown in
Fig. 2. At this point in the course, the end of the first half of
the first academic year around the end of January, the
students have already completed Construction I, Physics,
and Mathematics, in addition to the basic concepts in
Drawing and Descriptive Geometry.
The objective of this second test was threefold: to
compare the efficiency of the two methods by comparing
perceptions of the 2D system before and after having
worked with methods for 3D viewing, to understand the
perceptions students on the use of the technologies for 3D
viewing (in particular, the AR), and to assess the degree of
usability in general of the content, structure, and method-
ology of the technology. By focusing on the objectives
mentioned above, the first analysis evaluated the traditional
methodology (used in the 2D phase) based on student
perspectives from the first test and from the same questions
in the 3D phase.
Figure 8 shows a comparison of the pretest data (see
Fig. 6) with responses to the same questions after the
course was finished. The perceived utility of the 2D method
was initially positive (agree or strongly agree) for 81.3 %
of the sample, but only 32.4 % thought so at the second
assessment. Neutral valuation increased from 16.7 to
Fig. 6 2D method evaluation
Fig. 7 Previous perceptions of
AR technology
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47.1 %, and the slightly negative rating increased from 2.1
to 20.6 %.
As will be discussed later, the motivation behind this
sudden change was explained in the private comments of
students by the perception that it is easier to get the 2D
architectural drawing from a 3D model than it is to do so in
reverse, which expedites the procurement of quality printed
layouts.
This trend was repeated in the responses to the next
question, which examined the practical method used in 2D:
Positive evaluations were reduced from 72.9 to 44.1 %,
neutral evaluations increased from 25 to 35.3 %, and
negative evaluations increased from 2.1 to 20.6 %. How-
ever, due to either the innate difficulty of working in 3D or
the lack of working time reported by the students,
responses to the question of motivation for using the 2D
method did not vary greatly, perhaps due to the concen-
tration of neutral responses (increasing from 25 to 41.2 %)
and with the predominance of positive assessments (which
only declined from 62.5 to 53 %).
Finally, when the students were asked about their
motivation to practice the method, a decrease in negative
values (from 12.5 to 5.9 %) was found, as well as greater
concentration of neutral responses (from 25 to 41.2 %)
with a slight decline in positive values.
The second objective of this phase focused on student
perceptions of the use and usefulness of AR as a system for
presenting architectural projects by comparing the system
proposed with the method used in the 2D phase.
Figure 9 compares the results obtained before and after
the exercise on how the students perceived the AR system.
To analyze the utility of AR, it is necessary to differ-
entiate between the proposed experiment and overall per-
ceptions. While in the first case, the values changed only
minimally (positive ratings fell by 8.4 %, thus increasing
negative ratings by 9.7 %), when usefulness was evaluated
at a more global level, perceived usefulness drastically
reduced by 33.1 %, a margin that is shared among the
neutral responses, which increased by 17.5 %, and the
negative responses, which increased by 15.5 %.
The possible reasons for these results and their rela-
tionship with the usual contents of architectural projects are
described later in this paper. However, it can be affirmed
that the reduction of utility observed has a direct rela-
tionship with the difficulty perceived by the students in the
use of this technology, with an increase of 29.8 % (from
10.4 to 41.2 %) in students who felt that AR technology
was difficult to implement or use.
Figure 10 shows the results of the comparison between
the 2D and 3D methods used as well as the comparison
between using the 3D visualization and a blog about AR
techniques.
Based on the analysis of the latest data, the majority of
students did not favor one method over another, giving a
neutral rating to all questions. However, there was a
slightly more positive perception of the 3D method versus
the 2D method, both regarding ease of use (where 35.2 %
of ratings were positive vs. 26.4 % that were negative) and
perceived usefulness (29.4 vs. 14.7 %), as well as in gen-
eral (26.5 vs. 20.6 %). In terms of the viewing methods
used in the 3D phase, students mostly flocked to the DWFx
format embedded in their personal blogs before working
Fig. 8 Pre- and posttest results
for the 2D method
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with AR (32.4 vs. 14.7 %), probably because this method is
much more direct and simple.
Figure 11 shows the perceptions of the students toward
various specific elements of the experience, focusing on the
degree of perceived usability. Again, the percentage of
neutral answers is the largest, but the high positive
assessment of almost all aspects, and in particular the
documentation and structure of the exercise and the
improvement provided by AR in the presentation of the
architectural 3D models, can be emphasized. The only
elements with low rates of positive responses, as already
found in previous studies [62], are the definition of the final
3D models (23.5 %) and the stability of the display
(20.6 %).
5.3 Final qualitative study: BLA implementation
Qualitative methods are commonly employed in usability
studies and, inspired by experimental psychology and the
hypothetical-deductive paradigm, employ samples of users
who are relatively limited. Nevertheless, the Socratic par-
adigm from postmodern psychology is also applicable and
useful in these usability studies because it targets details
related to the UX with high reliability and uncovers subtle
information about the product or technology studied [19].
This migration from the hypothetical-deductive para-
digm to the Socratic paradigm was inspired by the para-
digm shift in clinical psychology away from constructivism
and toward other postmodern schools of psychotherapy.
Fig. 9 Pre- and posttest results
for AR perception
Fig. 10 Global 2D versus 3D
visualization method
comparison
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This psychological model defends the subjective treatment
of the user, unlike the objective hypothetical-deductive
model [83].
Starting from the Socratic paradigm basis, the BLA
system (Bipolar Laddering) has been designed. BLA
method could be defined as a psychological exploration
technique, which points out the key factors of user expe-
rience. The main goal of this system was to ascertain which
concrete characteristic of the product entails users’ frus-
tration, confidence, or gratitude (between many others).
The BLA method works on positive and negative poles
to define the strengths and weaknesses of the product. Once
the element is obtained, the laddering technique is going to
be applied to define the relevant details of the product. The
object of a laddering interview was to uncover how product
attributes, usage consequences, and personal values are
linked in a person’s mind. The characteristics obtained
through laddering application will define what specific
factors make consider an element as strength or as a
weakness. BLA performing consists in three steps:
1. Elicitation of the elements: The implementation of the
test starts from a blank template for the positive
elements (strengths) and another exactly the same for
the negative elements (weaknesses). The interviewer
(in this case an academic tutor) will ask the users (the
student) to mention what aspects of the subject and
experiment they like best or help them in their tasks.
The elements mentioned need to be summarized in one
word or short sentence. This first step may be open or
limited, i.e., positing a number of aspects without
limits or reducing them to a specific number, as in the
present case where every student was asked to indicate
three positive aspects and three negative ones;
2. Marking of elements: Once the list of positive and
negative elements is completed, the interviewer will
ask the user to mark each one from 0 (lowest possible
level of satisfaction) to 10 (maximum level of
satisfaction);
3. Elements definition: Once the elements have been
assessed, the qualitative phase starts. The interviewer
reads out the elements of both lists to the user and asks
for a justification of each one of the elements
performing laddering technique. Why is it a positive
element? Why this mark? The answer must be a
specific explanation of the exact characteristics that
make the mentioned element a strength or weakness of
the product.
Once the element has been defined, the interviewer asks
to the user for a solution of the problem he just describes in
the case of negative elements or an improvement in the
case of positive elements. Figure 12 shows an example of
the BLA test used:
From the results obtained, the next step was to polarize
the elements based on two criteria:
1. Positive (Px)/Negative (Nx): The student must differ-
entiate the elements perceived as strong points of the
experience that helped them to improve the type of
work proposed as useful, satisfactory, or simply
functional aesthetic (see Table 1), in front of the
negative aspects that did not facilitate work or simply
need to be modified to be satisfactory or useful (see
Table 2);
2. Common Elements (xC)/Particular (xP): Finally, the
positive and negative elements that were repeated in
the students’ answers (common elements) and the
responses that were only given by one of the
students (particular elements) were separated
according to the coding scheme shown in Tables 1
and 2.
Fig. 11 Usability evaluation
and student satisfaction with
different aspects of the
experience
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The common elements that were mentioned at a higher
rate are the most important aspects to use, improve, or
modify (according to their positive or negative sign). The
particular elements, due to their citation by only a single
user, may be ruled out or treated in later stages of
development.
The individual values obtained for both indicators,
positive and negative, are shown in the following Tables 3
and 4. Once the features mentioned by the students were
identified and given values, the third step defined by the
BLA initiated the qualitative stage in which the students
described and provided solutions or improvements to each
of their contributions in the format of an open interview.
Table 5 shows the main improvements or changes that
the students proposed for both positive and negative ele-
ments. Only the ‘‘common’’ aspects, which were men-
tioned by at least 2 of the students, have been included.
At this point, before discussing the results, it is inter-
esting to identify the most relevant items obtained from the
BLA, by high rates of citation, high scores, or a
combination of both. Because work is carried out following
an open-ended method, some of the above elements were
not at the focus of the study (i.e., the evaluation of new
visual techniques in the teaching field). Thus, only the
elements closest to the motive of the study are highlighted.
Concerning positive remarks, the organization of the
subject (MI: 60 %, Av: 8.33), the usefulness of the knowl-
edge acquired (MI: 40 %, Av: 9.75), and the novelty and
appeal of the AR methods over the traditional 2D methods
(MI: 40 %, Av: 8.25) can be highlighted. In short, the
enhancements to the methods for presenting architectural
projects should not be modified in the redesign process.
In terms of the main negative comments, students
clearly identified a lack of time or an excess of content for
practical realization especially in 3D (MI: 70 %, Av: 3.86),
problems with the applications used and their stability (MI:
50 %, Av: 3.60), as well as greater detail or more infor-
mation per use, and the working procedures for the use of
Fig. 12 BLA sample test
Table 1 Positive common (PC) and particular (PP) elements
Description Av. Score
(Av)
Mention
Index
(MI) (%)
1PC Organization of the subject 8.33 60
2PC AR method vis. versus 2D method 8.25 40
3PC Utility of acquired knowledge 9.75 40
4PC Faculty (quality/availability) 9.25 40
5PC Improved presentation of projects 8.50 20
6PC Improved 3D spatial skills 7.00 20
7PC Detailed work in 2D method 8.00 20
1PP Easy contents and technology 8.00 10
2PP Digital deliverables 7.00 10
3PP Working with real projects 7.00 10
4PP Level of requirement 9.00 10
5PP Blogging tasks 8.00 10
6PP Practice and exam levels 9.00 10
Table 2 Negative common (NC) and particular (NP) elements
Description Average
score
Mention
Index (%)
1NC Excessive content versus time 3.86 70
2NC Application crash 3.60 50
3NC Blogging task 4.25 40
4NC Exam time 3.75 40
5NC More AR tutorials 3.50 40
6NC Working with printed layouts 3.00 30
1NP Subjective evaluations 4.00 10
2NP Begin with 3D in phase 1 5.00 10
3NP Working with groups 0.00 10
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AR systems (MI: 40 %, Av: 3.5), aspects that could be
related to improving the process by increasing the stability
of the applications. Technically, these would be the main
aspects to modify in future iterations of the proposed
method. Table 5 shows the features with the highest rates
of mention in proposals for improvements (between 40 and
80 % of the students mentioned them).
In summary, two key issues have been identified: the
lack of time in implementing the practices and the need for
supporting documentation that would allow giving more
information to the students about the processes involved
with AR, and the way to solve problems in the imple-
mentation of the exercises. This last aspect may encompass
the need to increase the amount of time for explanation and
practice of the exercises related to the use of the blog and
the AR. Thus, a determining factor in the perception of the
student of the proposed methodology was the lack of time.
It was recurrently found that there was insufficient time for
completion of all the proposals submitted, although the
students positively valued, and were not in favor of
Table 3 Individual scores for
PC and PP elements
Element Code Male Female
User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10
1PC 7 7 10 8 – – 8 – 10 –
2PC 9 – – 7 – 8 – – 9 –
3PC – – 10 – 9 – – 10 – 10
4PC – – 10 – – 9 8 10 – –
5PC – – – – 9 – – – – 8
6PC – 8 – – – – – – – 6
7PC – – – 8 – – – – 8 –
1PP – – – – 8 – – – – –
2PP – 7 – – – – – – – –
3PP – – – – – 7 – – – –
4PP – – – – – – 9 – – –
5PP – – – – – – – 8 – –
6PP 9 – – – – – – – – –
Table 4 Individual scores for
NC and NP elements
Element code Male Female
User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10
1NC 2 – 3 – 5 – 4 4 6 3
2NC – 3 4 – 4 – 2 – 5 –
3NC 4 – – 4 – – – – 4 5
4NC – 4 – 4 – 3 – – – 4
5NC – – 4 3 4 – – 3 – –
6NC 3 4 – – – 2 – – – –
1NP – – – – – 4 – – – –
2NP – – – – – – 5 – – –
3NP – – – – – – – 0 – –
Table 5 Proposed common improvements (CI) for both positive and
negative elements and for common and particular items
Description Mention
index (%)
1CI More practice time 80
2CI More exam time 50
3CI More AR explanation 50
4CI More rendering and 3D explanation time 50
5CI Better spacing of 2D deliveries 40
6CI Promoting work with AR technologies 30
7CI Begin in phase 1 with 3D explanations 30
8CI More personal duties 30
9CI More explanation of the blog 30
10CI More 2D explanation 30
11CI More explanation of AutoCAD tricks 30
12CI Explanation of more CAD and AR tools 20
13CI More refresher classes 20
14CI Equal difficulty of practices and exams 20
15CI Improve the equipment of the classroom 20
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reducing or eliminating these exercises, as they appreciated
their usefulness in the medium and long term.
6 Discussion
From a quantitative point of view, a diachronic or longi-
tudinal research has been conducted, which usually lends
itself to studying the relationship between independent
variables (structure of the course, implemented technolo-
gies, methods, etc.) and a dependent variable, which in the
present case would be academic performance. The sample
that was used defines this research as ‘‘quasi-experimen-
tal’’, given that it was not possible to randomly establish
working groups, and the groups were selected according to
the academic year in which they studied. A great limitation
of this model is the difficulty of assessing whether the
changes observed were due to the intervention itself or to
other factors not controlled for. In cases in which work is
carried out with fixed groups, statistical theories strongly
discourage using analysis of covariance (typical when one
can have groups of control systems and random sampling).
The solution is to work with the correlation of results,
because of identical variables in the pre- and posttests,
making it possible to analyze the change in scores [84].
The appropriate statistical analysis will depend on the
grouping of the subjects (equalized or by blocks) and the
samples to compare: Usually, ‘‘Student’s t test’’ or the
‘‘factorial analysis of variance’’ is applied to related sam-
ples. These analyses always require additional ones, and
the relationship of the quantitative data with the data
obtained from the qualitative study conducted using the
BLA method will be assessed, providing an innovative
character to the experiment.
Having defined the starting point for the analysis of the
data obtained, and turning back to the initial test or profile
test, one can affirm that students who currently take
architecture classes in the authors’ faculty mostly use
mobile devices of latest generation, also called smart-
phones, for all kinds of activities (see Figs. 4, 5). The
results show a growing use of devices such as smartphones
and tablets as opposed to desktop computers (which were
more common in the last 5 years). This high implantation
rate positively predisposes students to using these devices
in an educational way, increasing their motivation to
understand course content, thereby improving their aca-
demic performance. This hypothesis is confirmed when
students’ academic results in the authors’ class from the
past 5 years are analyzed.
As shown in Fig. 13, the implementation of the EHEA,
which in the case of the class studied mean the temporary
reduction of a year-long class to a semester-long class and
the loss of 50 % of classroom hours, marks a clear decline
in the final grades for both 2D and 3D projects. Analyzing
the structure and contents of previous courses, the possible
causes for this decline are multifold: the lack of foresight
and adaptation of the amount of content and its difficulty
according to the new temporary plan, especially during the
first year of implementing the EHEA. In the 2010–2011
academic year, the students needed a greater number of
hours dedicated to some topics designed for annual testing
(in previous years) and could not learn them in a much
more short and intensive way. Giving students less time to
assimilate theoretical concepts led to a sharp decrease in
the quality of the student projects. This course provided
instruction on both 2D and 3D systems and followed the
same structure as past courses, which included a constant
review process of the projects that the final grade was
based on, and scores in the phase 3D were always higher
than those in the 2D phase.
In the second year of the EHEA (2011–2012), the fac-
ulty made changes to adapt the subject to the new situation
and, in particular, adapted the type of practices (reducing
the complexity of the model) and explored new methods
for working (reducing the printed deliverables and
searching for digital outputs to minimize the time com-
mitment [60]). The new proposal succeeded in boosting
academic outcomes, especially for the 2D project, without
having an entire year to do so. For comparison, we have
using the analysis of variance (ANOVA) using a threshold
of 0.05, getting significant differences between the quali-
fications of the courses 2011–2012 and 2008–2009:
F = 9.05, p = 0.002.
With the proposed method implemented in the academic
year 2012–2013, it was concluded that there is no statis-
tically significant differences (F = 3.276, p = 0.075),
between 2008–2009 (with a mean of 5.45, one can consider
this year as a previous indicator, because of in pre-EHEA
period, all 2D practice results are between 5.25–5.78) and
2012–2013 (M = 5.24), as the statistical significance (two-
tailed) is 0.075, which exceeds the threshold of 0.05.
Fig. 13 Academic results (practice phases), 2008–2010: prior to
implementation of the EHEA; 2010–2013: after implementation of
the EHEA
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These results indicate that the adaptation of the content
and processes designed for the 2D phase led to results
comparable to the average academic results that were
historically found in this subject. However, this positive
outcome should be questioned, because student perfor-
mance did not increase (general purpose of the EHEA), and
student perceptions of and motivation for the 2D work
suffered ostensibly once this method was compared to the
3D method (as mentioned previously in evaluating the
results of Fig. 8).
Although this interpretation is extracted from little
quantitative data that are very generic, the mixed approach
used allows to corroborate the quantitative data with the
qualitative data collected using the BLA (shown in
Tables 1, 2, 5). Although the structure of the course was
highly valued, the excess content regarding the time and
the appeal of the 3D method with respect to the traditional
2D method make it necessary to modify this first phase, as
the students desired increased explanation and develop-
ment time and some aspects of the course were incom-
patible with the credit system proposed by the EHEA and
implemented by the university.
If the results of the 3D projects are analyzed, which
were added to the technological innovation described in
this paper, and are compared with those of the previous
courses, one notices a significant improvement during the
post-EHEA period (F = 3.48, p = 0.05) and results equal
to those of the pre-EHEA period, during which there were
no significant differences between courses (F = 0.30,
p = 0.57).
This improved academic performance can be attributed
in part to the course curriculum, the methodology of
visualization with AR, and the utility and enhancement that
it provided in working in 3D, all of which resulted in
positive data obtained from the BLA. However, there are a
number of negative aspects (Table 2) and solutions pro-
posed (Table 5) by students that have a direct impact on the
3D phase, including the lack of time for practical realiza-
tion and for explaining RA and the techniques for render-
ing in 3D, as well as a lack of stability of the applications
and models in RA. Comparing the academic results with all
of the negative aspects and improvements that were cited in
the BLA and those that can be drawn from the quantitative
data (Figs. 9, 10, 11), it is clear that the students appreci-
ated and were highly motivated to work in 3D, as this is a
very useful architectural method; nevertheless, they
observed that it is a difficult domain that is further com-
plicated when working with advanced models, which
requires greater time for projects and explanations.
In evaluating RA as a working tool, RA was deeply
appreciated both in the quantitative stage (Figs. 9, 10) and
in the qualitative stage (Table 1), although the students
questioned the usefulness and stability of the system when
their projects or models were more complicated. In such
cases, working with online systems such as that provided
by the DWFx is valuable because they render the learning
process fast and stable and allow for more user-friendly
interaction (Fig. 10). The BLA method has shown that it is
necessary to increase the time for the RA explanation and
project, as the perception of the students is that this extra
time would help them to improve the stability as well as the
final quality of the work.
7 Conclusions
The mixed method used has demonstrated its usefulness as
a dynamic system for capturing information related to
students’ experiences with technological elements in
education.
Although mixed methods are common in UX and HCI,
in technological teaching and, more specifically, in the
architecture teaching framework, quantitative methods are
commonly used. Using a mixed system expands the innate
limitation of qualitative methods, which involve the users’
emotional subjective responses. Qualitative methods are
not just a problem, but a step forward; in addition to
identifying new work variables, qualitative methods enable
to obtain additional information from the quantitative
variables that would otherwise have not been achievable.
The main drawback of the mixed method described is the
need to design quantitative surveys with questions adapted
to the possible answers to the qualitative methods. Other-
wise, it is possible to obtain differentiated data between the
two types of studies and analyses, and would thus be
impossible or very difficult to relate them later.
The main advantages demonstrated focused on the
identification of aspects related to the design process, and
the data were much more specific than those that would
have been obtained through quantitative methods only,
which is usually the focus of experiments on general
questions. In the case presented, data were obtained that
demonstrate how the implementation of the EHEA collided
heads-on with learning methods that were based on the
practical experiences of the users. By including in the total
number of credits for the course the hours that students
dedicated to personal work, the hours available for aca-
demic work declined (with respect to what was previously
the case), confirming the need to add back the required
time for learning, practicing, and assimilating the concepts
that subjects taught for only a semester lack. Reduced time
leads to teaching overload or the simplification of the
material, which both negatively affect student motivation.
Focusing on the main objective of the study, student
motivation and satisfaction with the proposed system were
evaluated, obtaining qualitative feedback for the main
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items that, according to the students, should be imple-
mented in using RA as a common tool for visualization of
and interaction with 3D models in architecture education. It
has been demonstrated how the proposal method not only
improves academic performance but also generates a high
degree of motivation and satisfaction among students,
which leads to a greater involvement in the subject matter
and its contents, as described in the Sect. 6.
The initial hypothesis set in the Sect. 1 was premised on
the concept that with a minor investment of time and the
use of visual mobile devices, students could obtain better
results through having more motivating and satisfying
experiences; this hypothesis has been confirmed in part.
Although it has been demonstrated that the use of mobile
technologies and visual systems of the latest generation is
more motivating for students, they do not reduce the
investment of time because they required more hours of
explanation, practice, and debugging to create the final
projects. However, neither the lack of time nor the need to
invest more to achieve the objectives of the course is a
variable that adversely affects the experience; they actually
confirm the motivational nature of the experience and are
aspects to target for improvement in future iterations.
For future directions of work, two possibilities have
been clearly identified: the adaptation of content to people
with disabilities and a study of the emotional user response
to content displayed according to their profile and the
technology used. While the rules of accessibility and
usability are clear and commonly implemented in Web
browsing, in mobile technology, different interfaces and
developers with isolated applications that need manual
configuration to adapt to the users’ profile are found. This
aspect, perhaps unrelated to the basic content of an archi-
tecture degree, is being made available to the Faculty
within Multimedia Studies, such as under the research line
defined as ‘‘tele-assistance’’.
For example, and as a suggestion from one of the deaf
students who conducted the experiment, it would be
interesting to label information or include textual infor-
mation in the virtual elements to provide more information
on the model. In a similar way for blind people, the
example could include audio items that are activated when
the device recognizes the proximity (through GPS) to the
QR mark; the device could then narrate the relevant
information from the model. Currently, and in collabora-
tion with the Graphic Expression Department of the
Architecture Faculty of the Polytechnic University of
Catalonia, projects are underway for an urban display
focusing on the inclusion of textual elements and audio for
people with disabilities.
The second line of development would be to study the
emotional behavior of users according to their typology
and the content. In this regard, previous experiments
conducted by the authors’ team could be the foundation of
this work [85–87].These experiences are based on known
emotional assessment models used in such wide-ranging
areas, such as psychology, neuropsychology, and sociology
[88, 89].
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ABSTRACT
In this paper the researchers describe the use of gamification and 
virtual reality-enhanced learning in university engineering and 
architecture classes. Our goal is to increase student motivation and 
engagement through various technologies and learning 
methodologies based on game mechanics, called gamification, 
and the use of virtual reality. 
Gamification is used to engage students in the learning process 
and stretch their retention of the knowledge and skills received 
beyond a single lecture. Engagement is the main objective in 
applying gamification.  The use of gamification and new 
technologies for enhancing the learning process will boost 
achievement in 3D architectural subjects for design, and convey 
and validate any architectural project. 
The researchers used virtual reality and software like Sketchfab, 
Unity, and Oculus Rift VR to enter virtual and immersive worlds 
that students used to enhance their architectural designs. To 
connect the technologies, the researchers used Unity for 
programming all the viewer behaviors and the virtual world 
interactivity. The researchers used Oculus Rift, a heads-up display 
for virtual reality with a high immersive presence, to design a 
pavilion and create a virtual island from scratch. 
Categories and Subject Descriptors
H.5 [Information Interfaces and Presentation]: Animations, 
Multimedia Information Systems – Artificial, augmented, and 
virtual realities; Evaluation/methodology.  
J.5 [Arts and Humanities]: Fine arts. 
J.6 [Computer-Aided Engineering]: Computer-aided design. 
K.3.1 [Computers and Education]: Computer Users in 
Education – Collaborative learning, Computer-assisted 
instruction (CAI), Distance learning. 
General Terms
Design, Experimentation, Human Factors. 
Keywords
Gamification, Virtual Reality, 3D Design, Human interaction, 3D 
Education, Web GL, Learning management tools. 
1. INTRODUCTION
Engagement is the main objective in applying gamification [1][2]. 
Gamification isn’t about turning classes into a game.  Although 
the gamification technique is not truly an academic methodology 
[5], it may improve student performance in the learning process 
[4] [6][7].  
Gamification is about applying game mechanics to any project, 
idea or situation [8]. In this case, the researchers wanted to 
implement game mechanics to make learning [9] and instruction 
more fun [10] [11]; consequently, this will promote longer student 
retention of the learned material [12].  
To apply game mechanics and achieve a level of fun, the 
researchers followed some rules. In gamification, rewards can be 
delivered through the creation of leaderboards, badges, and 
loyalty programs that encourage students to have fun and perform 
a learning activity as desired by the teacher. Gamification for 
learning purposes is not only about badges, rewards, and points 
themselves, but it is also about measuring qualification and 
achieving motivation. Students need motivation when learning; 
they need the feeling of accomplishment and success of striving to 
meet a challenge. They need to feel that they have overcome a 
difficulty to push them forward to the next level [13]. 
In this paper, a mixed-methods study evaluating the motivation, 
satisfaction, and academic performance of university students is 
presented. The methodology was both quantitative (through a 
structured test) and qualitative (using the Bipolar Laddering, BLA 
[14]), and was based on using gamification and virtual reality for 
3D arts creation for building engineers and architects. 
The central thesis of the current study was based on two main 
ideas: 1) making use of the innovations in teaching in the 
university setting that involve gamification techniques to increase 
student motivation and satisfaction; and 2) discovering a better 
way to present and learn 3D modeling for building engineers and 
architects. To achieve this second goal, the researchers used 
certain technologies.  First, the researchers delivered the models 
online, where a 3D model could be uploaded and visualized on the 
web. In this case, the technology used was be webGL and 
HTML5 by Sketchfab so that 3D models could be directly 
uploaded on the web in a simple and effective way.  The second 
utilizes Unity for major 3D content playsets that the students can 
interactively manipulate, explore, and share with other students. 
With this technology, the researchers will use virtual reality to 
create great interactive experiences, such as playing games and 
connecting for an ultimate immersive experience with Oculus Rift 
VR (DK1). 
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To exemplify the last methodology proposed, the following 
section of the study will describe a real exercise applied in a 
Building Engineer and Architectural degree on the subject of 
“Computer Tools 2” at La Salle, Ramon Llull University, a six-
ECTS-credit course that is taught annually with 65 students 
enrolled. 
2. VISUAL GAMING TECHNOLOGY: 
UNITY, SCKETHFAB AND OCULUS RIFT 
In the initial phase of the project and for the selection of the 
technology to implement established platforms or tools that could 
be useful for our 3D animation course. For Architectural 3D arts 
were selected as work systems integration Unity [15], Sketchfab 
[16], and Oculus Rift [17]. 
Unity is a game engine that allows the user to develop any kind of 
game with relative ease. This engine allows the user to create 
virtual worlds of high quality and realism for later uploading to 
the web. In our case, the researchers used it to create these worlds 
with the material created by the students in their missions. Once 
created, students can visit these worlds to see the work of their 
peers. This process generates a highly interactive classroom and 
promotes the work remain more detailed and a better level, 
because it is something that create and work to show their 
knowledge. This, combined with Oculus Rift activity, generates 
an increased quality experience, as the latter, as a virtual reality 
viewer, lets the user view generation stereoscopic 3D content. It 
also allows the user to create first-person experiences, simulating 
the movement of the head. 
Finally, in this case study of gamification and the use of 
technology, the researchers use Sketchfab, which is a web 
platform that allows its users to upload 3D models using WebGL 
for viewing from any Windows, Mac, or Linux platform. With 
Sketchfab, the user can integrate into a 3D platform portfolio, 
allowing students to upload their work as a public system 
portfolio. 
As developers, the researchers first study which platforms or tools 
can be useful for an animation subject. Unity is a game engine 
creator that allows users to create amazing games and virtual 
worlds and then upload them to the web. The researchers use this 
software to create worlds with the content generated by the 
students, after which students can access and visit this world to 
view their peers’ work. This experiment, combined with Oculus 
Rift, creates an amazing experience. Sketchfab is a web platform 
that allows users to upload their 3D models and makes them 
available to be visited by all the site users. 
3. GAMIFICATION ON EDUCATION 
To gamify a classroom, the researchers must follow certain rules 
[10], including the following:  
1) Feedback! Encourage student-generated content. Every week 
the professor should deliver a problem, quest, or mission.  In so 
doing, it is vital to provide quick feedback on the student’s work. 
The teacher’s role is to offer constructive feedback and guide 
student learning. 
2) Collaboration. It is important for the learning process to follow 
the game mechanics of multiplayer games.  Challenging students 
with collaborative quests with real people to achieve a common 
goal speeds the learning process significantly. For instance, the 
students could be challenged with exercises that they must 
complete together, and missions with groups of several students 
that compete with one another. Working together is the goal of a 
challenge.  It is a win-win strategy. 
3) Scorekeeping, leaderboards, levels, and rewards! Any effective 
implementation of gamification is clear on the rules of the game, 
as well as the rewards for participation. That means students need 
to learn how to achieve recognition and how to advance. Rewards 
are just like currency, however, instead of monetary value, it has 
social value:  prestige and influence. 
The clearer method is using experience points (XP) as the class 
grading method. At the end of the semester, a teacher could make 
the grading scale coincide with his/her XP. For instance, if the 
teacher awards a student 2,000 XP by the end of the semester, that 
student would have had to earn 1800 XP to achieve an “A,” or to 
“level up.” Levels, for instance, could be gained in increments of 
1000 XP each. This would provide students with instant feedback 
on their content mastery and clarify the progress they made in the 
class. 
4) Quests/Problems. No game should be without quests or 
problems to resolve.  
5) Storyline.  Every video game has a storyline. In the Computer 
Animation class, the researchers will turn the class into a 
production firm of 3D effects that contracts different work to us. 
Several companies would hire us for modeling, texturing, and 
creating animation videos for the web or cinema. A story line 
links the tasks together to create a cohesive whole.  
6) Knowledge Map.  A knowledge map is simply a guide that 
illustrates the progression of the class content. 
4. TEACHING CASE 
The methodological approach of this work allows the students (in 
this case, students of the first course of the multimedia degrees at 
La Salle Campus Barcelona, Ramon Llull University) to 
participate in the definition of the final product. This is a 
pedagogical proposal that allows them to be creative during the 
design process. 
The study will be performed during the 2013–2014 academic 
year, with students in their second year of a Building Engineer 
and Architecture degree. The experimental framework will be 
completed in the course “Computer Tools 2,” a six ECTS-credit 
course that is taught during the second semester of the school 
year. “Computer Tools 2” is divided into 16 weeks, comprised of 
about four hours each week, giving an evaluated total of 64 hours 
of classroom time, although the overall equates to 150 hours of 
workload. A total of 30 working groups have been obtained with a 
total number of 65 students (35 women and 30 men). 
Also, qualitative methods will explore students’ motivations, 
needs, and goals while learning computer 3D design. The methods 
that will be applied to evaluate this approach are a combination of 
objective methods based on an empirical model and subjective 
information-gathering techniques inspired by constructivist 
psychological interviews. This way, active end user participation 
will be a reliable guide in establishing a proposal to enhance 
creativity in each end user’s field [18].  
The researchers want to teach 3D arts using alternative 
methodologies to traditional methods that are less engaging and 
have a slower learning curve. The actual methodology to be used 
in the current study, exercises in which students try to follow what 
the teacher is explaining on the classroom projector will give good 
results, but the researchers believe that performance can be 
improved even more. It can also save the students who are failing 
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or dropping the course. This requires much more activity in the 
classroom, collaboration, and learning.  To do that, the researchers 
create a virtual Virgin Island, such that the student’s entire 
conceptual design will be visible and students will be able to share 
their projects. 
During the practical portion of the course, which is comprised of 
monitoring, assessment, and evaluation of the activities, exercises, 
and practices, consists of a total number of points for each item, 
applying the principles of gamification [10]. 
Beginning with the first month of the course, students participate 
in an exercise in which they elaborate on the House Das Canoas 
(1951) of Oscar Niemeyer in Rio de Janeiro (Brazil) using Revit 
Architecture architectural creation software and Adobe Photoshop 
imaging software (see Figure 1). Thus, students searched 
information, practiced, and presented their project in a digital 
architectural panel. 
The second month of the semester, the researchers conducted a 
few exercises consisting of certain recreations and modifications 
of one of the buildings of La Salle – Universitat Ramon Llull of 
Barcelona, called Sant Jaume Hilari, using Adobe Photoshop, 
computer software.  
At the beginning of the third month, the researchers conducted 
exercises regarding the consistent improvement of the rendering 
of the Casa das Canoas with the architectural creation software 
Autodesk 3dsMax. Thus, the students had to deepen in the 
texturing and lighting to recreate a panel for presentation of the 
house, this time in a physical and professional format. 
From the beginning of the third month, have been carried out a 
few exercises in the consistent improvement of the rendering of 
the Casa das Canoas with the architectural creation software  
 
Figure 1. 3D render of the interior of House Das Canoas 
(1951) of Oscar Niemeyer in Rio de Janeiro (Brazil).  
 
Figure 2. Panel of House Das Canoas (1951) of Oscar 
Niemeyer in Rio de Janeiro (Brazil). 
 
Autodesk 3dsMax, mainly. And thus, the students had to deepen 
in the texturing and lighting to recreate a panel for presentation 
the house, this time in a physical format and professional (see 
Figure 2), for which I could get 500 points for the whole process 
of drafting, and 1500 in the submission and defense of the final 
poster, which has included day and night pictures. 
At the end of this month and until end of the course, the 
researchers conducted two exercises consisting of the 
development of original groups of different pavilions for a 
theoretical international exhibition (storyline gamification), which 
was also posted on a geographical space semblance to an island 
(see Figure 3). As well, the students had to look for information 
and perform the job, for which they could receive points for the 
correct search and information, and design and justification of the 
pavilion, and still more points for the entire process of design and 
delivery. For this portion of the project, the researchers used 
Autodesk Revit software, 3dsMax, and Adobe Photoshop, as well 
as Sketchfab o look at the view virtually, the researchers used 
Unity for programming the interaction and Oculus Rift for 
visualizing for a major immersion experience. 
Likewise, all the members of each of the groups have carried out 
their work, and despite various tasks of varying difficulty; 
generally, this has been very productive and have been created 
complicities. Information regarding the different evaluations 
carried out during the course have been reported through the 
Schoology system [20]. This information included what the 
student learned systematically, including estimations of their 
exercises, which have been reviewed and tested if necessary, and 
the total number of points earned. 
5. THE VIRTUAL ISLAND 
The objective of the course is to introduce the creation of 3D 
content, emphasizing 3D modeling, texturing and lighting of 3D 
scenes, and basic knowledge of computer animation, model-
driven for design and audiovisual production. 
The researchers will conduct one test at the beginning of the 
course, to ascertain students’ profiles. The learning process will 
take place more often in groups, focusing on collaborative 
challenges and interaction with peers. In the classroom, the 
researchers will create discussions between groups, and form 
contests for each group to compete in.  
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The storyline of the game that the researchers play consists of all 
the class work for a global project involving building an 
exposition like a universal expo and designing the pavilion with 
little constraints. This island will center on the gamification 
techniques and the use of 3D virtual tools like Unity. In addition, 
to increase students’ motivation, the researchers will create the 
island such that it is compatible with Oculus Rift for a real 3D 
immersive virtual reality experience at the end.  Furthermore, the 
name of the island will be voted on by the students with a 
discussion created in Schoology, an LMS tool that each week 
shows the points students earned and their progression, with the 
goal of personalizing the island and making it close to them. 
With the plan of gamifying as the topic for students in building 
engineer and architecture courses, and in order to use 3D tools to 
create architectural models, the researchers will encourage 
students to work collaboratively and actively participate from the 
beginning of the course, because the virtual exposition of the 
island will be showcased so that it can be seen via any platform 
(PC, tablet, mobile phone, and with new touch screen 
technologies such as Unity, and with Oculus Rift for a virtual 
reality experience). 
For the creation of the island, the researchers designed a 
masterplan (see Figure 3), with the parcels being numbered, 
marked, and assigned. The island is undeveloped in the initial 
phase, with trees, animated water, and other objects. In order to 
further gamify the process, the design will be constrained so as to 
minimize the ecological impact (for example, to cut the minimum 
number of trees and adapt to the rules that the island suggests, 
about 400 square meters delimited plot and a maximum height of 
15 meters). The main idea behind doing this is to create a main 
building for the virtual exhibition that will be exposed virtually on 
the island. The model should be lightweight in terms of polygons 
for the game or virtual version and at a minimum, should have 
one texture applied to the model. 
 
Figure 3. Masterplan of the virtual island. 
The island will have two high points marked in the masterplan in 
both the east and the west, with a lighthouse that will have access 
and a tower to climb, a high point from which to view the island. 
Once the job is done, students will upload the design to Sketchfab, 
visualizing it in a web browser in 3D, to ensure that the model 
meets the prerequisites and, thus, show and share the model for 
further development.  
Also, when the integration of the pavilions is complete, students 
will be asked to choose the three best pavilions, in their opinion, 
and to state why. This will create an environment of competition, 
which will improve the finished products and details of each of 
the designs. The top three will be awarded extra points. In terms 
of technology, each design must be created with a combination of 
Revit and 3dsmax, although the final model should be assembled 
as Max for the geometry optimization and application of textures, 
so that it will be compatible with Sketchfab and Unity.  When the 
integration of each pavilion on the island is complete, the 
researchers will export to multiple outputs, such as a web browser, 
executable PC or MAC (necessary for the Oculus version), and 
mobile iOS or android.  
 
Figure 4. 3D Render of the design of the pavilion. 
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Figure. 5. Virtual reality created with Unity of the island. 
 
In addition, the students must present a rendering of their pavilion 
design (see Figure 4). In the final step, after uploading their 
models to Sketchfab, and verifying and sharing their models, the 
students will integrate their designs using Unity (see Figure 5). 
The last day we called the Rift experience. The Oculus Rift is a 
Head Motion Display was carried out thanks to a crowdfunding 
campaign on the Kickstarter page, calling the amount of $ 
250,000 in 30 days. In less than 36 hours, the campaign had over a 
million dollars and ended with an investment of $ 2,537,429. The 
Oculus Rift has a 7-inch screen and offers a field of view of 110 
degrees on diagonal. This feature is what makes it really attractive 
and through it the user has a much higher sense of immersion. The 
device contains within gyroscopes, accelerometers and 
magnetometers to achieve rotations performed by the user with 
his head. These sensors are similar to those contained in our 
mobile phones but with greater precision. 
 
Figure 6. Virtual reality with UNITY of the island. 
 
Oculus Rift represents the best virtual reality technology created 
to date. Rift is a device which has created tremendous expectation 
in the video game world.  The number of potential applications for 
Rift has shot up thanks to the high expectations placed in this 
device.  A consequence of this was the acquisition of Oculus Rift 
VR by Facebook on April 2, 2014 which opens new commercial 
doors for the device and the first software development kit which 
permits its use in the educational sector.  Such expectation has 
generated high hopes in the students themselves who strive to 
develop quality 3D content. Oculus Rift, as a virtual reality 
device, promotes immersive participation and in this case study, 
the students and their classmates participate actively in this virtual 
world. 
The generation of practical exercises to develop 3D objects or 
spaces on the computer animation course does not only permit the 
creation of static images for audiovisual productions but it also 
provides an interactive and immersive visualization with Oculus 
Rift.  
6. METHOD OF EVALUATION 
The methodology to evaluate both quantitative (through a 
structured test), and qualitative (using the Bipolar Laddering [18], 
using gamification and virtual reality.  
Of the 65 students enrolled in the course of “Computer Tools II”, 
15 students had a final rating of NP (Not Present), i.e., they did 
not attended the classes or exams and were excluded from the 
study. We used two methods to evaluate the results in applying all 
methodologies: 
Quantitative and qualitative approaches have historically been the 
main methods of scientific research. Currently, a hybrid approach 
to experimental methodology has emerged that takes a more 
holistic view of methodological problems: the mixed-methods 
research approach. This model is based on a pragmatic paradigm 
that contemplates the possibility of combining quantitative and 
qualitative methods to achieve complementary results. The value 
of research lays not so much in the epistemology of the method 
but in its effectiveness [21].  
On the one hand, quantitative research focuses on analyzing the 
degree of association between quantified variables, as 
promulgated by logical positivism; therefore, this method requires 
induction to understand the results of the investigation. Because 
this paradigm considers that phenomena can be reduced to 
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empirical indicators that represent reality, quantitative methods 
are considered objective [22][23]. 
On the other hand, qualitative research focuses on detecting and 
processing intentions. Unlike quantitative methods, qualitative 
methods require deduction to interpret results. The qualitative 
approach is subjective, as it is assumed that reality is multifaceted 
and not reducible to a universal indicator [24].  
We used two methods to evaluate the results in applying all 
methodologies: 
6.1 Quantitative 
Will deliver at first a quest to achieve the student’s profile and 
tastes. This test, and following the planned methodology, will 
carry out once finished the second phase of the course, and prior 
to the review and publication of final marks. 
The objective of this test returns to be threefold: on the one hand 
compare the efficiency. On the other hand get the degree of 
perception of the student in the use of the technologies used in the 
exercises. And finally, assess the degree of usability in general of 
the student with the content, structure and methodology followed 
in the subject. To design the pre-test, or the technological profile 
test, and the post-test, or the usage/satisfaction test, a structured 
test was used within the university’s Intranet Moodle system. All 
of the questions were scored on a five-point Likert scale (1 = 
never or strongly disagree, 5 = always or strongly agree) [25]. 
6.2 Qualitative (BLA)  
Qualitative methods are commonly employed in usability studies 
and, inspired by experimental psychology and the hypothetical-
deductive paradigm; employ samples of users who are relatively 
limited. Nevertheless, the Socratic paradigm from postmodern 
psychology is also applicable and useful in these studies of 
usability because it targets details related to the UX with high 
reliability and uncovers subtle information about the product or 
technology studied. 
This migration from the hypothetical-deductive paradigm to the 
Socratic paradigm was inspired by the paradigm shift in clinical 
psychology away from constructivism and toward other post-
modern schools of psychotherapy. This psychological model 
defends the subjective treatment of the user, unlike the objective 
hypothetical-deductive model [26]. Starting from Socratic 
paradigm basis, the BLA system (Bipolar Laddering) [14] has 
been designed. BLA method could be defined as a psychological 
exploration technique, which points out the key factors of user 
experience. The main goal of this system is to ascertain which 
concrete characteristic of the product entails users’ frustration, 
confidence or gratitude (between many others).  
BLA method works on positive and negative poles to define the 
strengths and weaknesses of the product. Once the element is 
obtained the laddering technique is going to be applied to define 
the relevant details of the product. The object of a laddering 
interview is to uncover how product attributes, usage 
consequences, and personal values are linked in a person’s mind. 
The characteristics obtained through laddering application will 
define what specific factors make consider an element as strength 
or as a weakness. 
From the results obtained, the next step was to polarize the 
elements based on two criteria: 
1. Positive (Px) / Negative (Nx): The student must 
differentiate the elements perceived as strong points of the 
experience that helped them to improve the type of work proposed 
as are useful, satisfactory, or simply functional aesthetic (see 
Table 1), in front of the negative aspects that did not facilitate 
work or simply need to be modified to be satisfactory or useful 
(see Table 2). 
2. Common Elements (xC): Finally, the positive and 
negative elements that were repeated in the students' answers 
(common elements) according to the coding scheme shown in 
Tables 1 and 2: 
Table 1. Positive Common (PC) elements. 
 
Positive Common (PC) 
Av Score 
(Av) 
Mention 
Index 
(MI) 
1PC Use of multiple edge technology 8,2$ 90$
2PC Learning by doing methodology 8,5$ 40$
3PC Gamification techniques and awards 7$ 40$
4PC Creativity modeling 9,3$ 70$
5PC Collaborative works  8,3$ 30$
6PC Professional portfolio 8$ 30$
7PC Use of virtual reality 9,00$ 90$
$
Table 2. Negative Common (NC) elements. 
 
Negative Common (PC) 
Av Score 
(Av) 
Mention 
Index 
(MI) 
1NC Little time for learning 3D 5$ 90$
2NC Use of Schoology points LMS 4$ 30$
3NC Lose track of contents 2$ 60$
4NC Group grades versus individual 5$ 40$
5NC Gamification: points & badges 6$ 30$
6NC A lot of retouching image tools 5$ 50$
7NC Use of vectoral  software 5$ 10$
 
The common elements that were mentioned at a higher rate (MI) 
are the most important aspects to use, improve or modify 
(according to their positive or negative sign). The particular 
elements, due to their citation by only a single user , may be ruled 
out or treated in later stages of development.  
Once the features mentioned by the students were identified and 
given values, the third step defined by the BLA began the 
qualitative stage in which the students described and provided 
solutions or improvements to each of their contributions in the 
format of an open interview. 
7. CONCLUSIONS 
In this paper, the researchers reviewed and conceptualized 
teaching 3D arts using gamification techniques and virtual reality 
in a higher education setting, specifically for university students. 
To successfully gamify a classroom, the teacher must engage the 
students. This type of recognition is the most important element 
when considering using gamification. 
It is much more difficult and time consuming to implement a 
gamified classroom than preparing a traditional lesson plan. Every 
aspect of the class will have to be perfectly matched in order to 
provide students with immediate feedback, and to allow them to 
“level up” their skills. It is also important to build a storyline and 
use tools for the teacher to contextualize the game mechanics 
applied in the classroom. This can be achieved by introducing and 
tracking XP points or anything that uses scoring and evaluates the 
students’ progress (for example, the design of an island and let the 
students to apply their designs and significantly improve the level 
of student engagement by the end of the semester). 
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The use of gamification in a classroom is expected to increase 
student engagement and motivation, as compared to traditional 
classroom methods. It is important to engage the students with 
collaborative work in the classroom and develop a storyline, 
similar to a multiplayer game in two ways: competing with one 
another in groups, or developing a team that solves one goal 
together in a collaborative way. In the case of the island, students 
develop and urbanize an island as they wish, but also compete 
against each other to achieve the best-looking design of the island 
because their designs would be displayed such that the students 
and university faculty could walk virtually into their pavilion. 
When a teacher meshes gamification with other teaching 
methodologies, and with technologies like virtual environments, 
they are creating the perfect environment for students to engage in 
a lesson. Not only does it increase their performance on exams, 
but it also encourages them to perform better if they are behind. 
Overall, it increases the effectiveness of the learning process for 
all students.  
Having defined the starting point for the analysis of the data 
obtained, and turning back to the initial test or profile test, we can 
affirm that students who currently take building engineering 
classes in our faculty mostly like the use of technology with game 
elements. The results show growing use of technology and 
devices such as Oculus Rift and augmented reality as well. This 
engaging for using high technology positively predisposes 
students to using these devices in an educational way, increasing 
their motivation to understand course content, thereby improving 
their academic performance. 
The edge technology like Oculus Rift VR and the use of virtual 
reality in general helps the students to engage and improve the 
work they do. The refinement and the quality output and detail 
provides a positive experience. Furthermore, the use of virtual 
reality connects the building engineer to another level of freedom 
and interaction, making the experience a starting point for 
improved student creativity.  It also helps students to understand 
the use of 3D and why they must use it to achieve good skills with 
3D subjects. The use of this technology has been fairly easy for 
the students, but the most important factor is the fact that this 
technology expands the communication of students’ designs in a 
manner never before achieved. 
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Resumo — En este trabajo se presenta la plataforma de gestión 
del aprendizaje basada en mecánicas de juego denominada 
GLABS (acrónimo creado a partir de “Gamified 
LABoratorieS”). Actualmente podemos encontrar diferentes 
sistemas de gestión educativos pero se basan en la propia gestión 
de las calificaciones, asistencia, debates, o asignaciones de 
trabajos. La aplicación de mecánicas de juego en algunos de ellos 
existe pero es muy limitada, permitiendo la inclusión de un 
sistema de puntos o adjudicando medallas por logros. El sistema 
descrito en el presente trabajo aprovecha una herramienta de 
gestión educativa estándar como Schoology para incorporar 
técnicas de juego que llamaremos “gamificación”, lo que permite 
unificar en una web/app todas las tareas del alumno. De esta 
forma se crea un sistema más atractivo y motivador mediante el 
cual se pueden crear misiones, visualizar mapas de misiones, 
alertar de los puntos conseguidos e incluso crear portfolios de los 
trabajos completados. En conclusión, nuestra propuesta utiliza 
Schoology como un sistema de gestión educativa pero de forma 
gamificada, lo que se podría definir como un G-LMS (Gamified 
Learning Management System). 
Palabras Clave - mecánicas de juego, ludificación, sistemas de 
gestión del aprendizaje, LMS, motivación, métodos mixtos de 
evaluación. 
Abstract — This paper presents the game mechanics-based 
learning management platform called GLABS (acronym created 
from "Gamified LABoratorieS"). Currently we can find different 
educational management systems, but are based on the 
management of qualifications, support, discussions, or work 
assignments. The application of game mechanics in some of them 
there, but is very limited, allowing the inclusion of a point system 
or awarding medals for achievements. The system described in 
this paper uses a standard educational management as Schoology 
tool to incorporate techniques of play called gamification, which 
allows to unify all the student tasks in a web/app. This form 
creates a more attractive and motivating system whereby you can 
create missions, view maps of missions, alert of points earned and 
even create portfolios of completed works. In conclusion, our 
proposal uses Schoology as a system of educational management 
plus gamification, which could be defined as a G-LMS (Learning 
Management System Gamified). 
Keywords - gamification, user engagement, learning 
management systems, motivation, mixed assessment methods. 
I. INTRODUCCIÓN 
 
La motivación es el objetivo principal en la aplicación de 
mecánicas de juegos o gamificación en especial cuando 
hablamos de educación [1][2][3]. La gamificación no se trata 
de convertir las clases en un juego, y aunque dicha técnica no 
es verdaderamente una metodología académica, puede mejorar 
el rendimiento de los estudiantes en el proceso de aprendizaje 
[4][5][6][7], uno de los principales conceptos que actualmente 
se está investigado a nivel educativo[8]. 
 
La gamificación la podríamos definir como la aplicación 
mecánica de estrategias de juego a cualquier proyecto, idea o 
situación [9]. En nuestro caso de estudio, queremos poner en 
práctica algunas mecánicas de juego para conseguir un 
aprendizaje [10], y por ende, una enseñanza más divertida y 
amena, lo que en consecuencia debe permitir una mayor 
motivación por parte de los alumnos así como una mayor 
retención del material explicado [11]. 
En gamificación, las recompensas pueden ser entregadas a 
través de la creación de tablas de clasificación, insignias, y 
programas de fidelización para alentar a los estudiantes a 
divertirse y realizar una actividad al mismo tiempo que de 
forma casi transparente se consiguen rutinas mejoradas de 
aprendizaje, todo ello a elección del profesor [12]. La 
gamificación con fines de aprendizaje, no sólo se centra en la 
consecución de insignias o premios, sino que puede servir 
como un sistema dinámico de calificación, logrando una 
mayor motivación del estudiante [13]. Este método, y todos 
los que en cierta forma utilizan enfoques prácticos como el 
descrito, ayudan a obtener mejores resultados académicos y de 
los procesos de aprendizaje diseñados.  
 
El proyecto que en el presente artículo se describe, se ha 
centrado en la creación de GLABS, una nueva interfaz de 
gamificación conectada a sistemas de gestión docente, 
también conocidos como Learning Management Systems 
(LMS) [14]. El objetivo de diseñar esta nueva herramienta se 
centra en generar un entorno más lúdico que el que nos aporta 
la herramienta Schoology con la que conectamos GLABS y 
para realizar un seguimiento con estructuras de juego que 
llamamos gamificación. La principal ventaja de GLABS es su 
comunicación con Schoology y una nueva interfaz de gestión 
con un trasfondo de gamificación en todo el proceso de 
aprendizaje. 
 
El enfoque metodológico de este trabajo permite a los usuarios 
finales (los alumnos de segundo curso del grado en 
Multimedia impartido en La Salle Campus Barcelona, 
Universidad Ramon Llull) la participación en la definición de 
la plataforma, lo que para el caso particular que estamos 
tratando se centra en la elaboración de una propuesta 
pedagógica a través de métodos que les permiten ser creativos 
durante el proceso de diseño. El estudio se ha llevado a cabo 
durante el curso académico 2013-2014 con los estudiantes en 
su segundo año de ingeniería de grado en Multimedia, 
completándose el marco experimental en la asignatura de 
"Animación por Ordenador I" con un total 90 horas lectivas, 
aunque el total de dedicación equivale a 150 horas de carga de 
trabajo, que representa 5 créditos ECTS [15]. 
 
II. GAMIFICACIÓN Y TECNOLOGÍA: UNITY, SCKETHFAB Y 
OCULUS RIFT 
 
En la fase inicial del proyecto y de cara a la selección de 
sistemas a implementar se estudiaron las plataformas o 
herramientas que podían ser de utilidad para nuestro curso de 
animación 3D. Por el carácter multimedia de los estudios y sus 
posibilidades se seleccionaron como sistemas de trabajo la 
integración de Unity [16], Sketchfab [17] y realidad virtual 
con Oculus Rift [18].  
Unity es un motor de videojuegos que permite desarrollar 
cualquier tipo de juego con relativa facilidad. Este motor 
permite crear mundos virtuales de elevada calidad y realismo 
para su posterior publicación en Internet. Una vez creado el 
mundo virtual, los alumnos pueden visitar estos entornos para 
ver los trabajos de sus compañeros. Este proceso genera una 
alta interactividad en clase y promueve que los trabajos 
queden más detallados en su acabado final,  ya que es algo que 
trabajan para mostrar sus conocimientos entre sus compañeros 
y no se queda como una práctica privada al profesor.  
Esta actividad combinada con Oculus Rift genera una 
experiencia de gran interés y alta motivación, ya que este 
último dispositivo, como visor de realidad virtual de última 
generación permite ver el contenido en 3D de modo 
inmersivo, donde el usuario realmente se siente dentro del 
escenario creado.  
Por último, la gamificación de la asignatura también integra el 
servicio Sketchfab, que permite visualizar modelos 3D con un 
navegador web gracias webGL, independiente de la 
plataforma Windows, Mac o Linux. Con Sketchfab integramos 
en la plataforma GLABS un portfolio 3D, permitiendo que los 
alumnos suban sus trabajos como sistema público de 
portafolio.  
 
III. GLABS 
 
Para diseñar e implementar GLABS, decidimos usar 
Schoology [19]. Schoology es un LMS que permite el manejo 
de la información de un curso escolar [14]. Hemos creado una 
aplicación que adquiere esta información y la muestra en un 
formato determinado con mecánicas de juegos. La hemos 
llamado GLABS, y hemos definido un logotipo de trabajo que 
se puede ver en Figura 1.  
 
 
Figura 1. GLABS logo 
 
La propuesta de trabajo se ha centrado en una asignatura del 
grado de Multimedia eminentemente práctica y con marcados 
elementos “gamificables”: Animación por Ordenador I. Para 
ello, la propuesta diseñada se ha centrado en el trabajo con 
piezas de LEGO®, aunque lógicamente, la plataforma permite 
implementar cualquier temática que el profesor considere 
oportuno.   
A nivel técnico la plataforma contiene dos capas 
implementadas: mecánica y temática. La capa mecánica 
contiene las reglas y todos los elementos estándar para su 
funcionamiento. Esta capa es la misma para todos los cursos. 
Por otro lado, la capa temática está compuesta por todo el 
contenido relacionado para un curso en particular. Mediante 
esta, el profesor podrá crear su propio mundo virtual acorde al 
tipo de asignatura y a sus estudiantes. Esta división permite la 
fácil personalización en todo tipo de cursos. 
Uno de los objetivos de GLABS ha sido la capacidad de 
implementación de mecánicas de juego a los cursos de forma 
usable y sencilla. Entre estás mecánicas se encuentran 
elementos que aparecen en los juegos. Por ejemplo las vidas, 
puntos, medallas, guion de una historia, barras de progreso, 
mapa de aventuras, portfolio 3D y avatares, entre otros 
[20][6]. Es esencial aplicar estos elementos para poder aplicar 
una correcta gamificación aunque en entornos académicos 
debemos implementar metodologías docentes mezcladas con 
técnicas de juegos. 
En la Figura 2, se muestra la página de inicio, donde se 
pueden distinguir cuatro áreas que se detallan a continuación: 
 
(1) El avatar muestra la información del usuario, su 
nombre acompañado del personaje que desee.  
(2) La puntuación da la información relacionada a la 
calificación del alumno. 
(3) Las misiones detallan el próximo ejercicio a entregar 
y permite al usuario repasar los ejercicios ya 
entregados junto a sus calificaciones en ellos. 
(4) El mapa de aventura muestra el curso en global con 
la estética típica de un juego. 
 
Figura 2. Interfaz de perfil GLABS tematizada con LEGO® 
 
A. Avatar 
 
Los estudiantes pueden crear su propio avatar, usando un 
personaje existente o diseñándolo desde cero. La aplicación, 
gracias a webGL, permite usar un modelo 3D en lugar de una 
imagen estática de perfil. Un modelo 3D permite su vista 
desde todos los ángulos posibles y ofrece posibilidades 
interactivas. Al ser una asignatura de diseño 3D, esta novedad 
incentiva notablemente a los alumnos, ya que pueden crear un 
modelo de sí mismos y mostrárselo a toda la clase.  
La casilla de avatar también engloba el nombre del alumno y 
el nombre de su avatar. A la mayoría de gamers, jerga habitual 
con la que se conocen a los jugadores más o menos 
profesionales, les gusta usar un nickname o apodo en lugar de 
su nombre real. Es por esa razón que la aplicación implementa 
la posibilidad de usar uno. 
 
B. Valoraciones y puntuaciones 
 
La plataforma usa un sistema de puntuación y valoraciones 
semejante a la de los juegos. Permite cambiar el sistema de 
puntuación convencional. Este sistema será configurado según 
las preferencias del profesor. En lugar de puntuar a los 
alumnos con una nota de entre cero y diez, el usuario puede 
escoger unas métricas acorde a la historia y temática del curso. 
La aplicación le permite evaluar a los alumnos con puntos, 
dinero virtual o incluso piezas de LEGO®, si así lo desea. Por 
ejemplo si ha escogido como temática un clásico juego de rol 
podrá usar como sistema de puntuación puntos de experiencia 
(XP) y vida (HP).  
La plataforma también se encarga de generar valoraciones 
para promover la competitividad entre los alumnos. Genera 
unas gráficas anónimas para preservar la privacidad, dónde el 
alumno puede consultar en qué posición está en relación al 
resto del curso. Con esta información el usuario obtiene un 
retorno directo de cómo transcurre y evoluciona el curso y 
visualiza inmediatamente si debe incrementar más dedicación 
a resolver los problemas o misiones planteadas. Estudios 
previos demuestran que el factor de competición promueve a 
un mayor esfuerzo en los usuarios, creando la necesidad de 
superación [20][7]. Si el usuario ve que su posición es la 
quinta y está a tan solo trescientos puntos de avanzar al cuarto, 
se aplicará más en la siguiente entrega para poder alcanzar su 
nueva posición deseada. Así mismo, el alumno en primera 
posición intentará mantenerse allí a toda costa. La aplicación 
permite desactivar la opción de anonimato con lo que los 
alumnos verían que calificaciones tienen sus compañeros, pero 
por defecto, la opción está activada. 
Con este sistema de juego los primeros clasificados tienen 
bonificaciones extra, como por ejemplo obtener nuevos 
puntos, no tener que ir a examen, o incluso en ciertas 
misiones, premios reales como figuras de LEGO®, por la 
temática aplicada en este caso de estudio. 
 
C. Misiones 
 
GLABS introduce el concepto de misiones en sus mecánicas 
de juego. Las misiones son la equivalencia a los ejercicios y 
los exámenes tradicionales. Analizando estos elementos 
observamos que un ejercicio está compuesto por un objetivo y 
una calificación. En los juegos, podemos observar que las 
misiones pueden tener también este formato. Es por esa razón 
que la plataforma implementa un sistema en el que los 
alumnos no realizan largos ejercicios de clase, sino que viven 
aventuras e intentarán alcanzar la máxima puntuación en cada 
uno de los obstáculos que se encuentren por el camino [6]. 
Cambiando el tradicional método de texto negro sobre fondo 
blanco, y proponiendo un problema, GLABS permite crear un 
espacio donde mediante imágenes e historias el usuario 
realizan los ejercicios de forma más dinámica y entretenida. 
La aplicación muestra las misiones con una imagen de 
portada, un título de misión y una puntuación ponderada en 
dificultad en formato estrellas. En caso de que el ejercicio aún 
no se haya entregado, en lugar de la puntuación, aparece la 
fecha límite de entrega. Mediante flechas laterales se pueden 
visualizar las misiones anteriores y siguientes, permitiendo al 
alumno observar sus calificaciones de todos los ejercicios 
previos. 
Aunque la plataforma implementa este sistema de buena 
usabilidad, no hay que olvidar que para una correcta 
gamificación es esencial que el ejercicio a realizar no solo 
presente un formato atractivo visualmente sino que también 
presente en él mecánicas de juego. El profesor deberá inventar 
un ejercicio donde al finalizarlo se adquieran los 
conocimientos esenciales y garantice entretenimiento para 
maximizar el aprendizaje. 
Un ejemplo práctico empleado en la asignatura de Animación 
por Ordenador, trata de crear un gran ejercicio con un valor de 
1250 puntos (un 15% del total) [15], que los estudiantes deben 
trabajar en colaboración con otros estudiantes haciendo un 
gran escenario de LEGO® como un castillo, o un entorno 
relacionado con alguna serie de la marca como Star Wars®, 
Heroes®, etc. La idea básica de este trabajo es alcanzar un 
nivel de modelado mecánico básico así como de presentación 
3D, y que el alumno aprenda a trabajar de modo colaborativo, 
de forma que cada uno debe seleccionar una caja real de 
LEGO®, generarla en 3D y posteriormente crear una escena 
virtual.  
Además del trabajo individual de modelado, se hace especial 
hincapié en el trabajo colaborativo por grupos. Con GLABS y 
con  la conexión a los debates de Schoology, que usa un 
sistema de muro como Facebook, diferentes alumnos crean 
grupos y se conectan diferentes escenarios, realizando 
creaciones más ambiciosas y de manera colaborativa. Además, 
una vez recreado un gran escenario, estos deberán presentarlos 
en imágenes pero también incluyendo tecnología como la 
presentación 3D en web (Sketchfab) o la realidad virtual, con 
Unity. La exportación de Unity en explorador de Internet o 
para dispositivos móviles, está siendo uno de los retos de la 
experiencia al usar diversas tecnologías, incrementando la 
motivación en la misión como se deriva de estudios previos 
[21]. Como premio, a las mejores escenas o “sets”, se les pide 
que se le añada los scripts de Oculus Rift y en clase juegan por 
sus propios escenarios tridimensionales, lo que eleva el nivel 
de motivación para la creación del escenario. 
 
D. Mapa de aventuras 
 
El mapa de aventuras (Figura 3) presenta un diseño en el cual 
todo el curso, englobando sus ejercicios, se presenta en un 
formato visual siguiendo el estilo de mapa de los juegos 
plataformas. El mapa nos muestra diferentes islas, las cuales 
cada una tiene un nombre y un conjunto de misiones asociadas 
a ellas. Podemos entender estas islas como temas dentro de los 
cursos. En cada bloque se trata un tema global de la asignatura 
y dentro de este aparecen todos sus ejercicios relacionados. 
Las misiones dentro de estas islas están señaladas con un 
círculo de diferente color según su estado actual. En rojo se 
muestran las misiones que aún no se han completado, mientras 
que en verde, se visualizan los ejercicios ya hechos. Si nos 
situamos en una misión nos aparece un menú desplegable con 
la información relacionada a ese ejercicio. Esta información es 
la misma que nos aparecía en la página de inicio de la 
aplicación. La misión nos muestra su título, una imagen 
descriptiva y su puntuación. En la Figura 3 se puede observar 
la última misión de la primera isla seleccionada. 
  
 
Figura 3. Mapa de aventuras y misiones 
 
IV. GLABS EN PLATAFORMAS UBICUAS 
 
En vista de la proliferación y consumo de smartphones y 
tabletas entre los estudiantes [22], también se decidió adaptar 
GLABS a estos dispositivos. Para este proceso, la plataforma 
cuenta con un diseño adaptable (responsive design), lo que 
significa que la aplicación adapta todos sus elementos al 
tamaño de la pantalla, tanto en altura como anchura. En la 
Figura 4 se puede observar que el diseño “responsive” no solo 
ajusta el tamaño de los elementos, sino que también los 
recoloca para una óptima visualización dependiendo del 
dispositivo donde se muestra. 
 
 
Figura 4. GLABS adaptable a múltiples dispositivos de manera ubicua 
 
A nivel de lenguajes de programación, la plataforma está 
programada en HTML5, CSS3, JavaScript (usando JQuery) y 
MySQL. Gracias a estos lenguajes se puede crear un diseño 
totalmente interactivo y adaptable.  Con el uso de bases de 
datos podemos recopilar toda la información de Schoology y 
almacenarla para posteriormente mostrarla en la plataforma. 
La aplicación está programada en lenguaje Web por lo que se 
puede ver desde cualquier dispositivo, sea del sistema 
operativo que sea.  
V. GLABS Y SCHOOLOGY 
 
Schoology permite a los profesores el manejo de sus cursos 
online. Schoology ha desarrollado una API en su portal web 
para los usuarios que quieran crear sus propias aplicaciones o 
desarrollar una página web usando su contenido. Schoology 
como LMS es muy robusto para gestión docente pero es 
limitado si lo que queremos es gamificar una asignatura. Por 
dichos motivos se ha seleccionado su API para crear una web 
externa con su contenido y nuestro diseño visual.  
El funcionamiento base contempla que los profesores manejen 
el contenido desde Schoology y los estudiantes visualizan esa 
información en el portal web GLABS.  
Para la creación de una App de Schoology o simplemente 
acceder a su contenido se necesita un Schoology oAuth 
Request Key y oAuth Request Secret. Schoology facilita en su 
portal web estos códigos a todos sus usuarios.  
Como medida de seguridad Schoology API utiliza el protocolo 
oAuth. OAuth es un método de autentificación usado para 
identificar al usuario que está detrás de una petición a la API. 
Funciona como un guardia de seguridad, defiende a los 
usuarios y a la API de ataques web malintencionados antes de 
acceder a la información. OAuth es muy utilizado como 
medida de precaución de los datos de usuarios que usan una 
App creada por un tercero. Al entrar en dicha aplicación se 
nos pedirá el usuario y contraseña de Schoology. Con oAuth 
estos usuarios podrán estar tranquilos, ya que este sistema se 
encarga de gestionar estos datos redirigiéndonos a la página 
web Schoology. Esto permite que el usuario introduzca sus 
datos en la web Schoology y no en la App externa. 
En el esquema inferior de la Figura 5 se puede observar el 
proceso que siguen los datos desde que se pide acceso a la API 
hasta que llegamos a hacer la primera petición. A continuación 
se detalla este proceso. 
 
 
 
Figura 5. Conexión de GLABS con la API de Schoology 
 
El primer paso se encarga de hacerlo el desarrollador. Éste 
pide un Request token, que sería como la ficha que identifica a 
cada usuario. Para formular esta petición, el desarrollador de 
la aplicación debe entregar su Schoology ID. Esta ID está 
compuesto por los códigos mencionados anteriormente, 
Schoology oAuth Consumer Key y oAuth Secret Key (paso 1 
de la figura 5). Al final esta petición entra en juego el usuario 
que usará la aplicación externa. Automáticamente la 
aplicación redirige al usuario a la página Web Schoology. 
Seguido se pide al usuario que se identifique con su usuario y 
contraseña Schoology (paso 2 de la figura 6). El usuario 
introduce sus datos a la web (paso 3) y Schoology al validarlos 
solicita a oAuth el Request Token (paso 4) que será enviado a 
la aplicación externa (paso 5 y 6). A continuación la 
aplicación se encarga de realizar una nueva petición. Ahora se 
deberá, mediante el Request Token obtenido, solicitar el 
Access Token relacionado (paso 7). La diferencia entre 
Request Token y Access Token es básica: OAuth convierte un 
Request Token en un Access Token cuando el usuario acepta 
las condiciones de uso de la aplicación, entregando toda la 
autoridad a esta web externa, que a partir de ese momento, 
gestionará sus datos. Para realizar cualquier petición a la API, 
oAuth sólo acepta el Access Token. Ahora se redirige al 
usuario a una nueva pestaña dónde se le pide al usuario que 
acepte las condiciones para acceder a la aplicación (paso 8). Si 
el usuario acepta (paso 9), Schoology solicita a oAuth el 
Access Token perteneciente a ese Request Token particular 
(paso 10). OAuth envía el nuevo Token permitiendo, ahora sí, 
hacer cualquier petición a la API (paso 11 y 12). 
 
VI. EVALUACIÓN 
 
La metodología utilizada para evaluar tanto cuantitativa (a 
través de una prueba estructurada), como cualitativamente, 
método de mayor precisión que los centrados tan solo en un 
sistema [23], ha sido mediante el uso de dos tipos de test: 
 
A. Cuantitativo 
 
Este método nos proporcionará la primera aproximación del 
perfil y los gustos del estudiante. Esta prueba, y siguiendo la 
metodología prevista, se llevará a cabo una vez terminada la 
segunda fase del curso, y antes de la revisión y publicación de 
las calificaciones finales.  
El objetivo de esta prueba vuelve a ser de tres tipos: por una 
parte comparar la eficiencia de la plataforma, por otro lado 
conseguir el grado de percepción de los estudiantes en el uso 
de las tecnologías utilizadas y de GLABS en las misiones, y 
finalmente evaluar el grado de facilidad de uso en general del 
estudiante con el contenido, la estructura y la metodología 
utilizada en la plataforma. Para ello utilizaremos una 
modificación del método Likert [24] pero tematizada según 
tipografía LEGO® (ver figura 6). 
 
 
 
Figura 6. Escala de Likert tematizada de LEGO® 
 
B. Qualitativo 
 
Los métodos cualitativos se utilizan comúnmente en los 
estudios de usabilidad, que inspiraron en la psicología 
experimental y en las muestras de uso de paradigma 
hipotético-deductivo, de los usuarios que son relativamente 
limitados. En este caso de estudio, usamos el BLA [25] 
(Bipolar Laddering), para la evaluación de la opinión de los 
estudiantes mediante entrevistas personales de una selección 
de 10 alumnos, siendo una muestra significativa para este tipo 
de análisis [26]. 
 
VII. CONCLUSIONES 
 
GLABS se crea con el objetivo de mejorar el rendimiento y las 
calificaciones de los alumnos mediante la innovación y 
convirtiendo la clase en un espacio donde los estudiantes 
tengan el interés y la atracción de entrar para ver qué retos, 
problemas o búsquedas se les presenta a continuación. El 
sistema integra todas las funcionalidades de otros LMS 
standard y añade mecánicas de juego, convirtiéndose en un 
sistema que facilita la implementación de cursos junto a una 
gamificación y aplicación de tecnología como la realidad 
virtual o la presentación de 3D en web con un alto nivel de 
éxito. 
Gracias a esa integración, el alumno no debe entrar en dos o 
tres sistemas para poder realizar un seguimiento de la 
asignatura, ni para seguir sus notas ni incluso debe salir de 
GLABS para consultar los próximos trabajos (misiones) que 
debe realizar o incluso puede consultar las calificaciones 
obtenidas (puntos) misiones anteriores y visualizar en un mapa 
interactivo el progreso y hacia donde debe ir el siguiente paso, 
todo ello con un concepto lúdico, y al mismo tiempo con un 
aprendizaje que se potencia por la elevación de la motivación 
gracias en parte a la gamificación generada que envuelve a la 
asignatura. 
GLABS aproxima y facilita la tarea del profesor para  inventar 
historias, contarlas junto a misiones y generar gráficamente los 
ejercicios para dotar los contenidos esenciales de un mayor 
atractivo y así configurar un mayor nivel de aprendizaje y 
también ayudar a aquellos estudiante que dejan la asignatura o 
les cuesta seguir el ritmo en clase. Además, el sistema guarda 
todos los trabajos entregados, que para el caso de estudio, la 
asignatura de Animación por ordenador I, donde la creación 
de modelos 3D es parte de las técnicas que deben adquirirse, 
es básico al crear una librería dinámica, interactiva y en 
constante renovación. En definitiva se obtienen modelos 3D 
interactivos en Sketchfab integrados en GLABS, visibles 
mediante realidad virtual creada con Unity, y combinables con 
imágenes fijas y otros recursos que completan en una única 
plataforma, un compendio de los trabajos que pueden 
mostrarse y visualizarse como porfolio digital. 
GLABS, ha potenciado la participación colaborativa que 
buscábamos y ayuda a la inclusión de otras metodologías 
docentes como el aprendizaje basado en búsquedas (QBL) 
[27] o  por problemas (PBL) [28]. Esta participación 
colaborativa en clase ha sido muy elevada, gracias a foros de 
discusión que nos proporciona Schoology y que nos permite 
interactuar en clase o fuera de ella, por web o dispositivos 
móviles, pero además, con GLABS aporta una sistema de 
trabajo colaborativo de aprendizaje que ha potenciado aún más 
la participación del alumno, al poder compartir y enseñar las 
misiones completadas, los logros obtenidos, las dudas y en 
definitiva los progresos que no sólo de manera individual 
realiza cada alumno. Además, el sistema garantiza la 
participación de la clase a faltas de asistencia puntuales o por 
motivos personales [29] [30]. 
Esta facilidad de GLABS para no perder el ritmo de la clase 
para alumnos que tienen faltas de asistencia se debe a que los 
alumnos tienen muy claro qué deben hacer a continuación y 
que misión les falta por realizar por si quieren recuperar 
puntos. Destacar también, como el mapa interactivo ha sido de 
gran ayuda para motivar al alumno a realizar misiones extras u 
opcionales donde puede adquirir mayores conocimientos. 
Otro punto importante en la plataforma, en la sencillez de 
visualización de las calificaciones al poder conectar con un 
sistema LMS como Schoology. De forma muy rápida, el 
alumno obtiene feedback, que es básico para mantener la 
motivación y progresión del alumnado, y GLABS incorpora 
sistemas de valoraciones de un modo más visual. Por ejemplo, 
se ha implementado una tabla de puntuación (leaderboard) 
donde el alumno visualiza su posición respecto la clase y su 
progreso. 
 
GLABS también presenta un sistema de visualización de 
medallas y logros muy efectivo. De esta forma las mejores 
misiones realizadas o los mayores botines conseguidos por 
algunos alumnos, aparecerán en la página principal con un 
distintivo especial. Todos estos conceptos, han sido de vital 
importancia para una buena respuesta por parte del alumno. 
Resulta importante la flexibilidad que nos aporta GLABS, 
brindando la posibilidad de generar y cambiar las imágenes y 
la interfaces, al tema y formas más adecuados a la asignatura 
que se aplique. 
En este caso de estudio, la asignatura de creación de modelos 
3D, se ha trabajo intensamente con modelos de la compañía 
LEGO®, que ha sido el tema central de la asignatura, y por 
eso, los iconos, y en general todos los elementos de 
gamificación y mapas, y otros elementos en GLABS están 
inspirados en piezas de LEGO®. Esto ha ayudado a crear una 
atmosfera más adecuada y generar historias y misiones más 
acorde a lo que debían realizar. Esta plantilla con todos sus 
recursos de LEGO® podrán seleccionarse por defecto al 
iniciar otro curso o empezar otra plantilla y recursos desde 
cero. Cada año, si el profesor lo considera necesario o si es 
para otra asignatura, la temática deberá cambiarse y generar 
recursos nuevos lo que introduce un coste para el profesor, un 
tiempo de generación de los nuevos recursos, ya que se debe 
generar material “gamificado” lo que supone un coste superior 
en horas a las que usaríamos generando material sin 
“gamificar”. 
 
VIII. LÍNEAS DE FUTURO 
 
A corto plazo destacar que una vez cerrado el diseño e 
implementación de GLABS en una asignatura docente, se está 
llevando a cabo un estudio de usuario utilizando el método 
mixto descrito [23], con el fin de obtener la respuesta del 
alumno a la experiencia y poder mejorar posibles debilidades 
del sistema de cara al curso que viene. 
Por otro lado y dado que GLABS usa Schoology como LMS, 
ya que esta plataforma tiene funcionalidades implementadas 
que son muy útiles en el ámbito de un curso escolar online, se 
pretende acoplar esta plataforma a EDMODO y MOODLE, 
otros LMS. De hecho en el caso de EDMODO también cuenta 
con una API de parecido funcionamiento a la de Schoology 
por lo que el coste de esta ampliación no sería excesivo. De 
este modo cualquier usuario de estas plataformas podría 
integrar GLABS a sus cursos. Además se está implementando 
en lenguaje nativo, creando también aplicaciones para 
Android, iOS y Windows Phone. 
A largo plazo se podría enfocar a GLABS como un G-LMS 
que integre él mismo todas sus funcionalidades, por lo que no 
necesitaría ser acoplado a otra herramienta externa,  
permitiendo a sus usuarios registrarse en la propia página y 
almacenando todo el contenido de los cursos en una base de 
datos propia sin tener que depender de los cambios que 
puedan tener plataformas de terceros.  
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ABSTRACT  
This paper describes the use of gamification and visual technologies in a classroom for higher education, 
specifically for university students. Our goal is to achieve a major increase in student motivation and 
engagement through the use of various technologies and learning methodologies based on game 
mechanics called gamification.Gamification is used to engage students in the learning process.This study 
adds learning methodologies like Learning by Doing to students’ collaborative work, and mixes teacher 
support with new, accessible technology, such as virtual reality and visualization 3D on the web thanks to 
webGL. In this way, we create a new management tool, called GLABS, to assist in the gamification of 
the classroom.Understanding the role of gamification and the technology in education means 
understanding under what circumstances game elements can drive a student’s learning behavior so that he 
or she may achieve better results in the learning process. 
 
Keywords: Gamification, Problem Based Learning, Quest Based Learning, Engaging, 3D Education, Web 
GL,Learning Management System,Virtual Reality, Oculus Rift, Mixed-methods evaluation 
  
INTRODUCTION  
Engagement is the main objective in applying gamification (Kapp, 2012) (Huotari & Hamari, 2012) 
(Dixon, 2011). Gamification isn’t about turning the classes into a game; although the gamification 
technique is not truly an academic methodology, it may improve the performance of students in the 
learning process (Pozo, 1993)(Trilla, 2011)(Xu, 2012) (Carr, 1998). Gamification is about applying game 
mechanics to any project, idea or situation (Zimmerman, 2003). In our case, we want to implement some 
game mechanics to make learning (Prieto, 2008) and instruction more fun (Sheldon, 2011) (Hamari, 
2014); consequently, this will allow longer retention of the material among the students. To apply game 
mechanics and achieve a level of fun, we must first follow some rules. In gamification, rewards can be 
delivered through the creation of leaderboards, badges, and loyalty programs that encourage students to 
have fun and perform a learning activity as desired by the teacher. The gamification for learning 
purposes, we think, is not only about badges, rewards and points themselves; it is about measuring 
qualification and achieving motivation. Students need motivation when learning; they need the feeling of 
accomplishment and success of striving against a challenge. They need to feel that they have overcome a 
difficulty, to push them forward to the next level. 
 
In this paper, a mixed-methods study evaluating the motivation, satisfaction and academic performance 
of degree students is presented. The methodology is both quantitative (through a structured test) and 
qualitative (using the Bipolar Laddering, BLA (Pifarré, 2007)), and it is based in the use gamification and 
the use of technology for 3D arts creation for multimedia purposes such videogames or films.  
The working hypothesis to be confirmed is whether students who learn 3D with gamification techniques 
will obtain better academic results because they are more motivated and satisfied than they are under the 
classic working system. Our secondary objective is to ascertain through a mixed-methods analysis of 
quantitative and qualitative data the most positive and negative aspects of the experience, with the aim of 
adapting the implementation method in future iterations and for other subjects. Our final Objective is 
solve with a new platform all the needs for gamify a subject. This paper includes an overview of 
academic performance using gamification and visual technology and discusses how this type of 
technology can improve students’ 3D skills. The main features of quantitative, qualitative, mixed research 
applied in the educational framework are described in Evaluation section.  
 
The central thesis of the current study is based on two main ideas: 1) making use of the innovations in 
teaching in the university framework that involve gamification techniques to achieve higher motivation 
and degree of satisfaction among the students; and 2) discovering a better way of presenting and learning 
3D modeling. To achieve this second goal, two techniques are used: the first is delivering the models 
online, where the 3D model can be uploaded and visualized on the web. In this case, the technology used 
will be webGL and HTML5 by Sketchfab so that 3D models can be directly uploaded on the web in a 
simple and effective way.The web allows one to visualize and interact with an object on a web navigator 
installed on a tablet (Android, iOS) or desktop computer. The second method would utilize Unity for 
major 3D content playsets that the students could interactively manipulate, explore and share with other 
students. This type of presentation is useful for directly visualizing a model and evaluating it 
independently of the modeling tool used. To exemplify the last methodology proposed, the following 
section of the study will describe a real exercise applied in a Multimedia degree on the subject of 
“Computer Animation” at La Salle, Ramon Llull University, a five-ECTS-credit course that is taught 
annually. 
 
For the last objective, we solve some needs for gamification creating a new tool for gamifying education. 
This new platform, called GLABS has the objective to use Schoology (Friedman, Hwang, Trinidad & 
Kindler, 2007) as an Learning Management System (LMS) and change its interface to produce a G-LMS 
(Gamified Learning Management System). GLABS allows users implement quick game mechanics for 
their courses, such as badges, analytics, progress bars, lives, portfolio 3D, adventure map, avatars, and 
such like. These elements are essential to produce a good classroom game mechanics. Understanding the 
role of gamification in education means understanding under what circumstances game elements can 
drive a student’s learning behavior so that he or she can achieve better results in the learning process. 
 
The first section of this paper, includes an overview of good practices in education. The study of 
gamification for education and the methodology used is described in the implementation of the proposed 
case study. Section called Glabs includes the design of a new platform for gamify a classroom 
specifically for 3D subjects.The main features of quantitative, qualitative, mixed research and the User 
Experience (UX) concepts applied in the educational framework are described in method of evaluation 
that includes the research results, which are discussed in the last section conclusions. 
 
METHODOLOGIES OF EDUCATION AND GOOD EDUCATION PRACTICES 
The working hypothesis of the current study is to determine if the experiment has been correctly 
developed so that students will obtain better academic results through the realization of more engaging 
and satisfactory tasks than the classic system of learning. To achieve this, we implemented different 
methodologies: Problem-Based Learning (Branda, 2008), Quest-Based Learning (Haskell, 2013), and 
gamification techniques in the classroom. 
 
To incorporate IT-based methodology into a specific teaching environment, some recommendations for 
avoiding student rejection must be considered (so-called “good educational practices” that are primarily 
focused on virtual rooms, e-learning, and semi-present teaching (Fariña,2010)(Salinas,2004)). From the 
specific characteristics that shape these practices, four points can be extrapolated, as indicated by the 
following principal objectives: 
 
 Promotion of professor-student relationships, allowing for a more effective feedback process. 
 Dynamic development among students, which is made possible by collaborative techniques. 
 Contribution to better task realization by heterogeneous learning methods, meeting high expectations. 
 Applying teaching/learning methods based on teaching innovation and new IT technologies. 
 
This type of presentation is useful for directly visualizing a model and evaluating it independently of the 
modeling tool used. To exemplify the last methodology proposed, the following section of the study will 
describe a real exercise applied in a Multimedia degree on the subject of “Computer Animation” at La 
Salle, Ramon Llull University, a five ECTS-credit course that is taught annually. 
One conceptual method that teachers employ in engaging their students is the TPACK model 
(Technological Pedagogical Content Knowledge) (Shareski, 2013). TPACK (which was established 
around the same time Shulman’s idea of Pedagogical Content Knowledge came into being), describes 
how an activity that requires technological use must be integrated adequately in the classroom. It must 
interrelate three knowledge fields: curricular, pedagogic and technologic. 
 
 
 
Figure 1. The TPACK Framework and its Knowledge Components. 
Reproducer by permission of the Publisher, © 2012 by tpack.org 
 
The summary explanation of the model is based on a current teaching context characterized by a high 
degree of complexity and a great dynamism making necessary the integration of multiple knowledge: 
 
 The curriculum, which can be understood as the theme, block or contents selected for the 
technological implementation, without forgetting the objectives to be achieved and the possible prior 
knowledge to bear in mind. 
 The pedagogic, where we will define the activities and their deliveries, teachers and students roles 
and the evaluation system. 
 The technical, where we will define the training needs that make necessary defined technological 
resources, the selection criteria of the technological devices and how will they be used. 
 
If in the process of designing an educational experience, we include appropriate individual aspects of the 
main areas, we will be closer to redefining and integrating any type of technology into teaching activities, 
moving away from classic approaches that have been used in current and past technology integration 
efforts (Harris, 2009): 
 
 Software-focused initiatives 
 Demonstrations of sample resources, lessons and projects 
 Technology-based educational reform efforts 
 Structured/standardized professional development workshops or courses 
 Technology-focused teacher education courses 
 
These approaches tend to initiate and organize their efforts according to the educational technologies 
being used (and preferred by the teacher or the institution) rather than the students’ learning needs, which 
is exactly the opposite of our desired approach in which the user is a central element of the experience, 
due to the user’s technological profile, motivation for experiencing new pedagogical methods, and 
evaluation of both the quantitative and qualitative aspects of the experience. This approach provides 
primordial data about new models of technological implementation in the teaching field. 
 
The learning methodologies and techniques used in this case study are: 
 
 QBL is an instructional design theory that leverages game mechanics and gamer-like learning 
communities to support students. Quest-Based Learning incorporates game mechanics and game–like 
learning communities into the lesson. Students (Haskell, 2013) in a quest-based course received 
higher grades overall when compared to traditional courses. In both video game and Quest-Based 
Learning architectures, quests are goal oriented (or task-oriented). 
 PBL (Problem-Based Learning) begins with a problem or a problematic situation which addresses a 
group of students who must work collaboratively with the support of a tutor to solve the problem 
(Branda, 2008). 
 Learning by doing methodology is applied in which students pursue a goal by practicing target skills 
and using relevant content knowledge to help them achieve their goal (Schank,1999) (Winn,1995). 
 Gamification is the concept of applying game mechanics to any project, idea or situation. We focus 
on this technique/process in the next section. 
 
 
GAMIFICATION ON EDUCATION 
To gamify a classroom we must to follow some principal rules (Sheldon, 2011):  
 Feedback! Encourage student-generated content. Every week the professor should deliver a problem 
(PBL), Quest (QBL) or any mission; to do that, it is very important provide quick feedback of the 
student’s work. The teacher’s role is to offer constructive feedback and to help guide student learning. 
 Collaboration. It is important for the learning process to follow the game mechanics of multiplayer 
games: challenging students with collaborative quests with real people to achieve a common goal 
speeds the learning process significantly. For instance, the students could be challenged with 
exercises that they must complete together, and missions with group of several students that compete 
with one another. Working together is the goal of a challenge, a win-win strategy. 
 Scorekeeping, leaderboards, levels and rewards! Any effective implementation of gamification is 
clear on the rules of the game, as well as the rewards for participation. That means students need to 
learn how to achieve recognition and how to advance. Rewards are just like currency; instead of 
monetary value, however, it is social value—prestige and influence. 
 
The clearer method is using an experience points (XP) to Class Grade method. At the end of the semester, 
a teacher could make a student’s grading scale coincide with his or her XP. For instance, if you dish out 
2000 XP by the end of the nine weeks, the student would have had to earn 1800 XP to achieve an “A,” or 
to “level-up.” Levels, for instance, could be gained in increments of 1000 XP each. This provides the 
students with instant feedback on their level of knowledge, and clarifies the progress that they have 
achieved in class.For get the recognition for skills learned and displayed anywhere. We have created 
several badges with the LEGO® theme for thus purpose. For instance, in figure will show degrees for a 
modeing 3D skills with two different type, light and dark side. Graphically, the LEGO® character, for 
standard level is a jedi or sith of Star Wars™ LEGO® theme that is simply geometric 3D. The second 
level, called “editable poly” is more detailed model. And the best level, called “turbosmooth” show a 
more complicated model for modeling.With the same idea is achieved for the main sections of the subject 
of 3D computer tools. 
 
 
Figure 2. Badges with LEGO® Star Wars™ characters  
 
 Quests. No game can be without quests! A quest is a task-based journey with obstacles that students 
must overcome. Here we implement a QBL methodology. So, what does a Quest look like in a 
classroom? Simply, a quest can be a class project, a collaborative presentation, or the designing of a 
webpage, to name a few. Virtually any activity that involves solving problems to reach a final, 
tangible goal could be considered a quest.  
 Storyline—every video game has a storyline. In the Computer Animation class we will turn the class 
into a production firm of 3D effects that contracts different work to us. Several companies would hire 
us for modeling, texturing and creating animation videos for the web or cinema. A story line links the 
tasks together to create a cohesive whole.  
 Knowledge Map — A Knowledge Map is simply a guide that illustrates the progression of the class 
content. 
 
GAMIFICATION AND VISUAL TECHNOLOGY: UNITY, SCKETHFAB AND OCULUS RIFT 
In the initial phase of the project and for the selection of the system to implement the already established 
platforms or tools that could be useful for our 3D animation course. For multimedia 3D arts were selected 
as work systems integration Unity, Sketchfab, and Oculus Rift. 
 
Unity is a game engine that allows you to develop any kind of game with relative ease. This engine 
allows you to create virtual worlds of high quality and realism for later upload to the web. In our case it 
has been used to create these worlds with the material created by the students in their missions. Once 
created, students can visit these worlds to see the work of their peers. This process generates a highly 
interactive classroom and promotes the work remain more detailed and a better level, because it is 
something that create and work to show their knowledge.This combined with Oculus Rift activity 
generates increased quality experience as the latter as virtual reality viewer lets you view generation 
stereoscopic 3D content. It also allows to create first-person experiences simulating the movement of the 
head. Finally, in this case study for gamification and the use of technology, we use Sketchfab, which as a 
web platform that allows its users to upload 3D models using WebGL for viewing from any Windows, 
Mac or Linux platform, but is not currently available due to restrictions in iOS Safari browser. With 
Sketchfab integrate into a 3D platform portfolio, allowing students to upload their work as a public 
system portfolio. As developers, we firstly study which platforms or tools can be useful for an animation 
subject. Unity is a game engine creator that allows users to create amazing games and virtual worlds and 
then upload them to the web. We use this software to create worlds with the content generated by the 
students, after which students can access and visit this world to view their colleague’s works. This 
experiment, combined with Oculus Rift, creates an amazing experience. Sketchfab is a web platform that 
allows users to upload their 3D models and makes them available to be visited by all the users of the site.  
METHODOLOGICAL APPROACH 
The methodological approach of this work allows the end users (in this case, students of the first course 
of the Multimedia degrees at La Salle Campus Barcelona, Ramon Llull University) to participate in the 
definition of the final product. This is a pedagogical proposal that allows them to be creative during the 
design process. 
 
The study will be performed during the 2013–2014 academic year, with students in their second year of a 
Multimedia Engineering degree. The experimental framework will be completed in the course “Computer 
Animation I” a five ECTS-credit course that is taught annually. “Computer Animation I” is divided into 
30 weeks, comprising about 3 hours each week, giving an evaluated total of 90 hours of classroom time, 
although the overall equates to 150 hours of workload. Also, qualitative methods will explore their 
motivations, needs and goals when they are learning computer 3D animation. The methods that will be 
applied to evaluate this approach are a combination of objective methods based on an empirical model 
and subjective gathering techniques inspired by constructivist psychology interviews. This way, the 
active participation of end users will be a reliable guide in establishing a proposal to enhance creativity in 
each end user’s field (Piaget, 2001). We want to teach 3D arts using different methodologies to regular 
classes, or, following them, magistrate tutorials that are less engaging and with a slower learning curve. 
 
The actual methodology—using exercises in which students try to follow what the teacher is explaining 
on the classroom projector—will give good results but we believe that performance can be optimized 
much more. It can also save the students who are failing or leaving the course. This requires a lot more 
activity in the classroom, collaboration, and learning in an enjoyable way.  
 
IMPLEMENTATION OF THE PROPOSED CASE STUDY 
The objective of the course is to introduce the creation of 3D content, emphasizing 3D modeling, texture 
and lighting 3D scenes, and basic knowledge of computer animation, model-driven for design, 
videogames and audiovisual production. We will conduct one test at the beginning of the course to 
ascertain the students’ attitudes and thus better understand their personal goals. The learning process will 
take place predominantly in groups, focusing on collaborative challenges and interaction with peers. In 
the classroom, we will facilitate discussions between groups and hold contests for each group to compete 
in. The storyline of the game that we will “play” is that the class is a production company specializing in 
3D modeling for both the toy industry and for mobile app games. Students will be “hired” for a series of 
jobs, where they can gain experience and even money. Each model presented will be assessed, and 
students will gain points. Students will learn how much they win weekly. It is important to assess the 
work each week and update the results on a website/blog, so that when the student performs positively he 
or she automatically receives a reward. 
 
We chose The LEGO® Group as the first firm to employ our classroom for a new product line of toys. 
The the teacher will show the class what needs to be done, while the whole class will be required to 
resolve some problems using a new 3D tool. For instance, we want the students to learn how to move, 
rotate, scale, snap reference, unit measure, clone and use basic modeling tools. To do this, we will deliver 
real boxes of LEGO® Creator 3 in 1 and deliver files in 3DS max format with all pieces of LEGO® in 
3D, to construct six objects that we will assemble. 
 
 
 
Figure. 3. First exercise: a Virtual LEGO® Car and jet for basic skills. 
 
With an interactive list, each student in the class will write down what object they want to build in order 
to avoid constructing the same objects. It seems certain that some students will want to build with their 
own hands before building in 3D virtual space. However, the more practice students get with using the 
virtual 3D tool the better. This is a good way to identify how each student learns and adapts (Gardner, 
2000). Before starting the next class, students will be given 10 minutes to resolve any doubts they might 
have or problems with the instructions. Those who help others resolve an issue in this time will gain 
points. During this short time frame, assessment is extremely important and motivates the other students 
to help their classmates. The object modeled, the image rendered or something will be delivered via 
Moodle and uploaded to Sketchfab for small models. Unity will be used for large playsets for a major 
interactive experience and major share capability. 
 
In addition to such projects, problems will be designed for students to learn 3D arts, and companies will 
hire us for three big jobs that we will distribute among different groups.  
For example, for the first major task, called P1, we will pretend that LEGO® has hired us to design 
themed sets (such as Lord of the Rings, Star Wars™, Heroes, Cities, Monsters, etc.), and we will split the 
class into teams of five or six students, each choosing what theme they would like to take on. At least one 
student should make a character from LEGO® and a vehicle or structure. The principal idea in such 
initiatives is collaborative work. For the modeling job of the set, every student can gain 1250 points. 
Every student may work a lesser set with a minimum of one character and a structure or vehicle. If a 
student works on more models in their allotted time, they earn more points. Collaborative work is 
essential, and they will deliver the 3D scene online with Unity, so that one may see it with any mobile 
device or desktop platform. 
 
Completing a task through quests and in a collaborative way is the principal goal in this type of exercise. 
All of the characters modeled by the students will be shared with all the other students thanks to the 
university’s computer server. The best texture for instance could receive more points and share it with 
others groups and students. This is expected to raise the quality of the production and provide an 
incentive to win, thus engaging every student to share his or her work. LEGO® already have a rich and 
varied catalog, but to avoid boredom, the “game” will progress through new contracts, each more 
ambitious and complex with other toy firms (Hasbro®, Mattel®, etc.) or app games. These apps require 
more complex models, and this incremental complexity will increase the student’s skill in 3D modeling, 
texturing and lighting. Also, we will launch different competitions and contests to encourage even more 
work at home, so the students will take their education beyond just 3D modeling (although we would be 
careful not to overstep the designated 150 hours of work load). For instance, we will have a contest called 
“Halloween Contest,” with a prize, points and a real objects such as LEGO® figures. The best work will 
win a giant LEGO® head container. The real price is not very important for engaging the students, but 
the addition of a real competition and a trophy that persists and the students can see. 
 
 
Figure 4. Halloween contest. 
 
Other practices that can be gamified are, for instance, the modeling of organic 3D models. Students will 
have to model the head of itself. Then in class, with all the heads modeled, we will play, “Guess who?” 
This will allow us to engage the process of orgànic modeling, analyze overall errors and clarify these in a 
relaxed and friendly environment and focus with itself. 
In addition, when introducing edge technology we will use Unity and Virtual reality to add all the 3D 
models with another level for interaction. We will add all the LEGO® sets into Unity and export these for 
web player and iOS/Android for interaction purposes, far away of view static renders, and this will 
engage students a little more that will set in the quests quantitative and qualitative. Also, we have an 
Oculus Rift VR and will set with the glass to establish an interaction experience with the students. The 
objective of this to see other outputs and videogames or experiences, as well, of course, to increase 
overall engagement. 
 
 
 
 
Figure 5. Practice 1 renders with collaborative work composition 
 
 
 
 
 
Figure 6. Practice 1 renders and prepared for virtual reality 
 
We also created a series of badges to introduce on Schoology in this manner. However, the platform is 
not good enough for this. Therefore, we created an entirely new tool to gamify a management System 
called GLABS. 
 
GAMIFICATION PLATFORM FOR EDUCATION: GLABS 
To make this experiment possible we decided to use Schoology (Friedman, Hwang, Trinidad & Kindler, 
2007). Schoology is an LMS (Learning Managing System) which allows for the management of course 
information using a social network aesthetic (Manning, Brooks, Crotteau, Diedrich, Moser & 
Zwiefelhofer, 2011). We have created a web app that acquires this information and displays it in a 
gamified format. We called this GLABS (Gamified LABoratorieS). 
 
 
Figure 7. GLABS logo 
 
The objective of GLABS is to use Schoology as an LMS and to change its interface to create a G-LMS 
(Gamified Learning Management System). This year we decided to gamify an animation course using a 
LEGO® theme, although the platform allows any thematic implementation the user may want. 
Technically, the platform implementation contains two layers: mechanical and thematic. The mechanical 
layer contains the rules and all standard elements for its operation. This layer is the same for all courses. 
The thematic layer is composed of all the content related to a particular course. Using this, teachers can 
create their own virtual world related to their students’ interests. These layers allow an easy 
customization of all types of courses. GLABS allows game mechanics implementation quickly and easily 
(such as badges, analytics, progress bars, points, lives, 3D portfolio, adventure map, avatars). These 
elements are essential for good gamification (Sheldon, 2011). 
The image of the figure 8, shows the profile page. There are four areas distinguished on it: 
 
 
Figure 8. GLABS interface profile with LEGO® theme. 
 
(1) Avatar shows user information (student name, avatar character and avatar name). 
 
(2) Score gives the information about grades and class analytics. 
 
(3) Mission displays all exercises and exams in the course. 
 
(4) Adventure Map show global information of the course using a game aesthetic. 
 
 
Avatar 
The students can create their own avatar in 3D and use it as their profile icon. With HTML5 and WebGL 
GLABS, one can use a canvas to display this avatar in a 3D model. A 3D model allows it to be viewed 
from all sides. Students can also use an avatar name. 
 
Analytics and Points 
The platform uses a scoring system and is similar to the analytical games. There is a change the 
conventional system score. This system will be like the teacher. Instead of scoring students with a score 
between 0 and 10, you can choose a metric according to the history and themes of the course. The 
application will allow you to assess students with points, virtual money or even bricks if so desired. For 
example, if you have chosen for a theme a classic role-playing game, one can use as a scoring system 
points (P) and life (HP). The platform is also responsible for generating analytics to promote 
competitiveness among students. Anonymous graphs allow students to check what their position is 
relative to the rest of the course. With this information, the user will see what is happening in the course 
and know immediately whether or not he or she needs to do more feedback. It has been shown (reference) 
that competition promotes greater effort among users, creating a need for improvement. If the user sees 
that he is in 5th position and needs only 300 points to advance to 4th, he will make a greater effort in the 
next installment to reach his desired new position. It is possible to disable the option of anonymity, such 
that students can see that their peers have qualifications, but by default this option is enabled, for privacy 
reasons and for the standards of each school. 
 
Missions 
In the platform, exercises are translated into missions. A mission will have a title, a related image and a 
score. Students can swop between missions. The mission selected is marked on the map with a big circle. 
Non-selected missions are shown with little circles on the map. Red circles indicate that the mission has 
not been completed, and completed missions are marked with green circles. If an exercise has not yet 
been delivered, rather than a score, the deadline appears. Clicking on side arrows, one can display earlier 
and subsequent missions, allowing the student to observe their ratings of all previous years. 
 
GLABS introduces the mission concept at its mechanics. In the traditional method, missions are the 
equivalent of exercises and exams. Analyzing these elements we note that an exercise comprises a goal 
and a score. In games, we can see that missions also have this format. It is for this reason that the 
platform implements a system in which students undertake not boring class exercises, but live adventures, 
and try to achieve the highest score in each of the obstacles encountered along the way. Changing the 
traditional method, suggesting a problem, GLABS creates a space in which witty stories through pictures 
conduct the user to perform their exercises in the most entertaining way. Although this system platform is 
easy to use, one must not forget that for a correct gamification it is essential that the exercises have a 
wrapping-gamification format and also game mechanics. At this point the teacher of the subject must use 
his or her imagination to create an exercise with which to finalize, acquire essential knowledge and 
ensure the student entertainment. 
 
Adventure Map 
The adventure map presents a design in which the entire course, encompassing exercises, is presented in a 
visual format in the style of a map of platform games. The map shows different islands, each of which 
has a name and a set of missions associated with them. We can understand these islands as blocks within 
courses. In each block is an overarching theme of the course and within this all exercises related to the 
topic appear. The missions within these islands are marked with a circle of different color according to its 
current state. The tasks yet to be completed are shown in red, while exercises and events are displayed in 
green. If we find ourselves in a mission we will see a pop-up with the information related to that period. 
This information is the same as that which appears on the homepage of the application. The mission will 
show its title, a descriptive image and punctuation. 
 
 
 
Figure 9. Adventure Map shows the last mission of the first selected island. 
 
Ubiquitous Platform 
We are now in the era of mobile and tablets devices, so we decided to make GLABS a responsible web 
platform. This means that the design is adaptable to the device screen width and height, so one can see all 
the course information on one’s tablet, mobile or computer. 
The platform is programmed with HTML5, CSS3, JavaScript, PHP and MySQL. This allows one to make 
a resizable web and establish communication with Schoology Data and save all content in a private 
database. 
 
 
Figure 10. GLABS adapts to multiple devices 
 
GLABS with SCHOOLOGY API 
Schoology allows teachers to manage their courses online. Schoology has developed an API on it 
webpage for users who wants develop an app or another network using Schoology content. Schoology is 
perfect as an LMS, but it is incomplete if we want to gamify a subject. For this reason, we decided to use 
Schoology API to develop an external network, with our gamified thematic, using Schoology database 
content. The idea is simple: teachers will manage all course data in Schoology and the students will 
consult/see this information in the new network. Anybody who wants to make an app via Schoology or 
have access to the webpage content needs a Schoology oAouth Request Key and oAouth Request Secret. 
Schoology gives to their developers these two codes. For security, Schoology API uses the oAouth 
protocol. OAuth is an authentication method used to identify the user behind a request to the API. It 
works as a security ward, defending against web attacks before allowing access to the API. 
 
 Figure 11. GLABS connection with Schoology API 
 
The user uses the Consumer Key and Consumer Secret (Schoology ID) to obtain a request “token” (Step 
1 to Step 6, Figure 11). After that, the user has to accept the conditions of Schoology, converting the 
“request token” to an “access token” (Step 7 to Step 12, Figure 11). These conditions are preset by 
oAouth. With an access token, we can call Schoology API to obtain all the necessary information of the 
course (students, grades, exercises). 
 
METHOD OF EVALUATION 
The methodology to evaluate both quantitative (through a structured test), and qualitative (using the 
Bipolar Laddering (Pifarré, 2007), using gamification. We used two methods to evaluate the results in 
applying all methodologies: 
 
Quantitative 
Will deliver at first a quest to achieve the student’s profile and tastes. This test, and following the planned 
methodology, will carry out once finished the second phase of the course, and prior to the review and 
publication of final marks. 
The objective of this test returns to be threefold: on the one hand compare the efficiency. On the other 
hand get the degree of perception of the student in the use of the technologies used in the exercises. And 
finally, assess the degree of usability in general of the student with the content, structure and 
methodology followed in the subject. To evaluate correctly the progress and determine if the objectives in 
the hypothesis represent an improvement in student involvement and greater learning due to the 
increment in motivation. With these types of surveys we obtained a subjective motivation, efficiency and 
satisfaction that the student has perceived using this new methodology, and basic data about the elements 
to improve. The survey will be a questionnaire that will be presented to the participants in paper format. 
The questions of efficacy and efficiency have been created using a Likert scale (Likert, 1932). Each 
question will be assigned a numerical value. The value assigned will indicate the degree of accordance or 
disagreement with the question one a five-point scale, so that the questionnaire is answered with accuracy 
in terms of the degree of accordance over the affirmations. The graphical interface will be adapted to the 
LEGO® theme for the gamification. 
 
 
Figure 12. LEGO® Likert scale  
 
Qualitative (BLA)  
Qualitative methods are commonly employed in usability studies and, inspired by experimental 
psychology and the hypothetical-deductive paradigm, employ samples of users who are relatively limited. 
Nevertheless, the Socratic paradigm from postmodern psychology is also applicable and useful in these 
studies of usability because it targets details related to the UX with high reliability and uncovers subtle 
information about the product or technology studied. This migration from the hypothetical-deductive 
paradigm to the Socratic paradigm was inspired by the paradigm shift in clinical psychology away from 
constructivism and toward other post-modern schools of psychotherapy. This psychological model 
defends the subjective treatment of the user, unlike the objective hypothetical-deductive model (Guidano, 
1989). Starting from Socratic paradigm basis, the BLA system (Bipolar Laddering) has been designed. 
BLA method could be defined as a psychological exploration technique, which points out the key factors 
of user experience. The main goal of this system is to ascertain which concrete characteristic of the 
product entails users’ frustration, confidence or gratitude (between many others). BLA method works on 
positive and negative poles to define the strengths and weaknesses of the product. Once the element is 
obtained the laddering technique is going to be applied to define the relevant details of the product. The 
object of a laddering interview is to uncover how product attributes, usage consequences, and personal 
values are linked in a person’s mind. The characteristics obtained through laddering application will 
define what specific factors make consider an element as strength or as a weakness. BLA performing 
consists in three steps: 
 
 
1. Elicitation of the elements: The implementation of the test starts from a blank template for the 
positive elements (strengths) and another exactly the same for the negative elements (weaknesses). 
The interviewer (in this case an academic tutor) will ask the users (the student) to mention what 
aspects of the subject and experiment they like best or which help them in their tasks. The elements 
mentioned need to be summarized in one word or short sentence. This first step may be open or 
limited, i.e., positing a number of aspects without limits or reducing them to a specific number, as in 
our case where every student was asked to indicate three positive aspects and three negative ones. 
2. Marking of elements: Once the list of positive and negative elements is done, the interviewer will ask 
the user to mark each one from 0 (lowest possible level of satisfaction) to 10 (maximum level of 
satisfaction). 
3. Elements definition: Once the elements have been assessed, the qualitative phase starts. The 
interviewer reads out the elements of both lists to the user and asks for a justification of each one of 
the elements performing laddering technique. Why is it a positive element? Why this mark? The 
answer must be a specific explanation of the exact characteristics that make the mentioned element a 
strength or weakness of the product. 
 
Once the element has been defined, the interviewer asks to the user for a solution of the problem he just 
describes in the case of negative elements or an improvement in the case of positive elements.  
 
From the results obtained, the next step was to polarize the elements based on two criteria: 
 
1. Positive (Px) / Negative (Nx): The student must differentiate the elements perceived as strong points 
of the experience that helped them to improve the type of work proposed as are useful, satisfactory, or 
simply functional aesthetic (see Table 1), in front of the negative aspects that did not facilitate work 
or simply need to be modified to be satisfactory or useful (see Table 2). 
2. Common Elements (xC): Finally, the positive and negative elements that were repeated in the 
students' answers (common elements) according to the coding scheme shown in Tables 1 and 2: 
 
 Positive Common (PC) Av.Score (Av) Mention Index (MI) 
1PC 
LEGO® theme helps learning curve 8,40  50 
2PC 
Learning by doing methodology 8,86  70 
3PC 
Gamification techniques and awards 8,50  60 
4PC 
Organic modeling 8,50  20 
5PC 
Collaborative works with big groups 8,00  10 
6PC 
Gamification contests- competition 8,50  20 
7PC 
Use of visual technology like sckechfab, Unity, Oculus Rift 9,00  40 
 
Table 1. Positive Common (PC) elements. 
 
 
 
 
 
 
 
 
 
 Negative Common (NC) Av.Score (Av) Mention Index (MI) 
1NC 
3h/week classroom is divided 1:30 one day and 1:30 another day 5,00  20 
2NC 
Application crash 4,60  50 
3NC 
Lose track of contents in classroom 5,40  50 
4NC 
Group grades versus Individual grades 5,00  20 
5NC 
Extra contents possibilities: Hair, Fx,… 5,00  20 
6NC 
Gamification grades with points 5,20  50 
7NC 
LEGO® theme is repetitive 7,00  20 
8NC 
Gamification is not serious 6,00  10 
 
Table 2. Negative Common (NC). 
The common elements that were mentioned at a higher rate are the most important aspects to use, 
improve or modify (according to their positive or negative sign).  
The particular elements, due to their citation by only a single user, may be ruled out or treated in later 
stages of development.  
Once the features mentioned by the students were identified and given values, the third step defined by 
the BLA began the qualitative stage in which the students described and provided solutions or 
improvements to each of their contributions in the format of an open interview. 
Table 3 shows the main improvements or changes that the students proposed for both positive and 
negative elements.  
 Description  Mention Index 
1CI  Lot of people in class. Small groups 20% 
2CI  Unified web portal with a better gamification 60% 
3CI  Starts with more easy exercise 10% 
4CI  More 3D for design or films versus videogames 10% 
5CI  Beginning of the subject, clarify minimun specs 20% 
6CI  More detailed grades.Rubrics for collaborative works 40% 
7CI  Web Site with tutorials, and maps for find the path again 50% 
8CI  Better weight. Rounded numbers.Unified web portal with a better visualization of grades 30% 
9CI  Modeling real things 10% 
10CI  Contests 20% 
11CI  LEGO® theme 10% 
12CI  Serious Gamification  10% 
 
Table 3. Proposed Common Improvements (CI) for both positive and negative elements. 
 
At this point, before discussing the results, it is interesting to identify the most relevant items obtained 
from the BLA, by high rates of citation, high scores or a combination of both. Because we are working 
with an open-ended method, some of the above elements were further from the central focus of the study: 
the evaluation of new visual techniques in the teaching field. Thus, we will only highlight elements 
closest to the motive for the study. Concerning positive remarks, we will highlight the Learning by doing 
methodology (MI: 70%, Av: 8.86), Gamification techniques and awards (MI: 60%, Av: 8.5), and 
Learning curve with LEGO® (MI: 50%, Av: 8.40) and the use of technology like Unity or Iculus Rift 
(MI: 40%, Av: 9). In the Proposed Common Improvements web remark Unified web portal with a better 
gamification (MI: 60%). 
 
Discussion 
This good academic performance can be attributed in part to the gamification techniques, the 
methodology of learning by doing and quest-based learning that it provided in working in 3D, all of 
which resulted in positive data obtained from the BLA. However, there are a number of negative aspects 
(Table 2) and solutions proposed (Table 3) by students that have a direct impact: the lack of horse-power 
in computer that let work with more detailed models and a lack of stability of the applications and models 
in some software under certain circumstances. Comparing the academic results with all of the negative 
aspects and improvements that were cited in the BLA, it is clear that the students appreciated and were 
highly motivated to work in 3D with gamification and need a new tool for join all the data, create a 
portfolio in 3D, visualize the grades and have a knowledge map with the jobs and missions that the 
student have to do. In the Proposed Common Improvements web remark Unified web portal with a better 
gamification (MI: 60%). In this case, the creation of GLABS responds to this demands. The BLA method 
has shown us that we need to increase the time for other complement tools for create 3D and the use of 
edge technology like Oculus Rift, would help them to improve and engage the final quality of the work.  
 
CONCLUSIONS 
In this paper we have reviewed and conceptualized teaching 3D arts using gamification techniques in a 
higher education setting, specifically for university students. To gamify a classroom successfully the 
teacher must engage the students themselves. This type of recognition is the most important element 
when considering using gamification. It is much more difficult and time consuming to implement a 
gamified classroom than a preparing a traditional lesson plan. Every aspect of the class will have to be 
perfectly matched in order to provide students with immediate feedback, and to allow them to “level up” 
their skills. It is also important to build a storyline and use tools for the teacher to contextualize the game 
mechanics applied in the classroom. This can be achieved by introducing and tracking XP, points, virtual 
money, or anything that uses scoring and evaluates the progress of the students. The use of gamification 
in a classroom increase the engagement and the motivation of students when compared with traditional 
methods. It is important to engage the students with collaborative work in the classroom, very similar to a 
multiplayer game in two ways: competing with one another in groups, or developing a team that solves 
one goal together in a collaborative way.When a teacher meshes gamification with other teaching 
methodologies, like PBL and QBL, and with new technologies like virtual reality and webGL, they are 
creating the perfect environment for students to engage in a lesson. Not only does it increase their 
performance on exams, but it encourages them to perform better if they are behind. Overall, it increases 
the effectiveness of the learning process for all students.  
 
GLABS is created with the aim of improving the performance and skills of students through innovation 
and making the class a space where students have the interest and attraction to enter to see what 
challenges, problems and missions are presented. The system integrates all the functionality of other LMS 
standard and adds game mechanics, becoming a system that facilitates the deployment of courses with a 
gamificacion and implementation of technology such as virtual reality or creation of 3D with webGL 
(sketchfab) with a high level of success. Thanks to this integration, the student make a good follow-up to 
the subject and see upcoming work (missions) that you must perform or you can even see the grades 
obtained (points) for previous missions and display all the data on an interactive map and the learning 
progress, all of this with a concept of learning with engaging. GLABS approximates and makes easy the 
task of the professor to telling stories for the next mission and generate graphically the exercises to 
provide the essential contents of a more attractive way and also help those students who quit the subject 
or find it difficult to keep on track. In addition, the system saves all work submitted, for this case study, 
the subject of computer animation I, where the creation of 3D models is part of the techniques that have 
to be learned, is basic to create a dynamic library, interactive and in constant updates. In the final analysis 
are obtained interactive 3D models in Sketchfab integrated at GLABS, visible through virtual reality 
created with Unity, and combinable with still images and other resources that they complete in a single 
platform, a compendium of the work that can be displayed and viewed as digital portfolio. GLABS, has 
enhanced the collaborative participation that we were looking for and helps the inclusion of other 
teaching methodologies. This collaborative participation in class has been very high, thanks to discussion 
forums that gives us Schoology and that enables us to interact in class, by web or mobile, but in addition, 
GLABS provides a system for collaborative work that has further increased the participation of the 
student, to be able to share the completed missions, the achievements and the progress that performs each 
student. In addition, the system ensures the participation of the class without exception for personal 
reasons (Piaget, 2001). For students that has faults of attendance, GLABS guide what they should do next 
and that mission need to be done if the student want to recover points, and achieve the goal. In addition, 
the interactive map has been a great help to motivate the student to perform missions or optional extra 
works for acquire more knowledge.Another important point of the platform is the simplicity of viewing 
the grades help to the connection to the LMS Schoology. Very quickly, the student gets feedback, which 
is basic to maintain motivation and progression of the student. For example, GLABS has implemented a 
leaderboard that the student see its position on the class (only the ranking, no names). GLABS also 
presents a system for viewing public badges and achievements, as well the best missions achieved by 
some students appear in the main page. 
 
All these concepts, GLABS gives us great improvement and flexibility, providing the ability to generate 
and change the images and the interfaces to the thematic more appropriate to the subject. In this case 
study, the subject of creating 3D models, has been working intensively with models of the LEGO® 
Company, which has been the central theme of the course, and for this reason, icons, and in general all 
the elements of gamificacion and maps, and other elements in GLABS and the missions, are inspired in 
parts of LEGO®. This has helped to create an atmosphere more appropriate and help us to generate 
stories and missions in a more engaging way. This template with all its resources of LEGO® may be 
selected by default when you start another course or start another template and resources from scratch. 
Each year, if the teacher think that it is necessary or if it is for another subject, the subject must be 
changed and generate their resources to enter easily. GLABS aims to improve the interest in the students 
but also introduces a cost for the professor, because it must generate gamificated material and this means 
a higher cost in time. 
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Abstract: Using enhanced learning technologies (TEL) including immersive virtual reality 
environments, we are seeking to achieve a new way of assessing subjects of 3D arts. We have 
developed a project based on Scenario Centered Curriculum (SCC), where the students have to 
think, design, convey, validate, and build a civil project using new technologies that help in the 
assessment process. We have used gamification techniques and game engines to evaluate 
planned tasks in which students can demonstrate the skills they developed in the scenarios. The 
assessment is integrated in the creation of a 3D complex model focused on the construction of a 
building in a virtual space. All the developing process are carried out with gamification 
techniques to embed the assessment of the 3D model with the subject objectives.   
 
Keywords: Assessment, Digital Games, Multi-user Virtual Environments, Immersive Learning 
Scenarios, Scenario Centred Curriculum, Virtual reality, Gamification, Mobile technology 
Categories: L.0.0, L.1.0, L.2.7, L.3.6, L.5.1, K.3.1 
1 Introduction 
In architecture and related studies, such as engineering construction and civil 
engineering, the process of project design and creation is usually complex. Often, the 
sketch of a design begins with 2D drawings, which lead to a 3D model, thus helping 
to validate each space and building component that is created. While 3D models have 
many functions, perhaps the most fundamental one stems from the effectiveness with 
which a model can communicate the design, helping both the student and the 
professional appreciate its complexity. In this communication process, the final 
outcome is usually a set of photorealistic renders from different perspectives, with 
occasional animation tours. However, this system is clearly not interactive. The final 
viewer of the project is not given options to view the three-dimensional model more 
closely, which can create a feeling of misinformation and a general lack of motivation 
in the final exposition. 
The proposal presented in this paper starts from two initial premises. To begin 
with, the aim is to obtain a new way of presenting this type of projects adapted to 
various technological and visualisation systems, in a much more motivating way for 
both students and teachers. Furthermore, the proposed approach aims to monitor 
students’ work and evaluate their progress constantly, with a completely adapted 
scenario that generates aligned activities with the goals of the subject and an 
assessment embed with gamification techniques. 
To achieve both objectives, we have proposed the use of various technologies and 
techniques, including virtual reality, 3D visualisation on web, mobile device usage, 
gamification and Learning Management Systems. These devices and tools will help 
the students improve the process of communication and presentation of complex 3D 
projects. It could be said that the uniqueness of the proposal is not in the display of 
complex 3D visualisation on new technology or devices, but rather stems from the 
evaluation of students’ skills and abilities in line with every objective met [Biggs, 03]. 
However, in practice, exercises based on real examples adopted from their professions 
(Project Based Learning, PBL) and focused on the field of Civil Engineering and 
Building Engineering areas are usually much more traditional. Thus, in order to apply 
game mechanics and embedded assessments into the learning processes, and have a 
high level of engagement of the student, teachers need to follow some basic rules. 
More specifically, they should incorporate rewards, badges and points that encourage 
students to have fun and perform a learning activity as desired by the teacher. If the 
student’s submission exceeds a minimum threshold, he/she will proceed to the next 
level or phase of the project. That level of embedding the assessment with 
gamification increases the motivation and decreases the anxiety related to the 
evaluation itself.  
This paper introduces different methodologies related to Information and 
Communication Technologies (ICTs) and Technology Enhanced Learning (TEL) 
[Hwang, 11]. It also includes different research proposals in order to evaluate the 
benefits of using advanced technological solutions in education and provide new 
opportunities to assess learning. Some of them are also analysing the use of diverse 
devices (not only computers) to support learning in different spaces (beyond the 
classroom) in order to create enriched learning experiences [Oblinger, 06] and allow 
exploring new informal learning scenarios. We propose a qualitative assessment 
(using the Bipolar Laddering Assessment, BLA) to evaluate the motivation, 
satisfaction, and academic performance of building and civil engineering students 
using a gamified framework scenario. By employing technology, the teachers will use 
virtual reality to create interactive experiences, such as playing games and connecting 
for an ultimate immersed experience with Oculus Rift VR. This utilisation of 
immersed virtual reality will help in the final process of progress evaluation and will 
assist in conveying the entire project. 
Section 2 of this paper provides the background of the main methods and 
techniques used for the case study explained in Section 4. Section 3 includes an 
overview of academic performance using Virtual Reality and gamification techniques 
and discusses how this type of technology can improve students’ 3D skills. In Section 
3, we also describe in detail the case study proposed based on the concepts explained 
in previous sections. The main concepts applied in the educational framework, such 
as qualitative tests, are described in Section 4, which also delineates the study 
methodology. Lastly, Section 5 provides the research results that are discussed in 
Section 6, which concludes the paper with final remarks on this study.  
2 Background 
The TEL research field has been profoundly involved with the development and 
application of collaboration apps. Computers and software tools play diverse roles at 
different times along the project lifecycle. The most common lifecycle comprises four 
distinct phases: design, implementation, approval and final assessment. Essentially, 
TEL seeks to improve the students’ learning experience by: 
 
• Supporting student engagement, satisfaction and retention; 
• Helping to produce enterprising graduates with the skills required to compete 
in the global business environment; 
• Encouraging inspirational and innovative teaching; 
• Personalising learning that promotes reflection; 
• Delivering and supporting CPD (continuing professional development) and 
internationalisation. 
 
Focusing Gamifying Learning Experiences (GLE) and GBL (Game Based 
Learning) concepts helps define a set of technologies based on game strategies that 
facilitate easier creation of designs and generate self-learning activities, as well as 
enable tracking exercises and self-assessment. Due to the constant monitoring and 
evaluations of these incorporated learning methods (questionnaires, delivery system 
practices, competitions, etc.), the teacher can ubiquitously validate students’ progress. 
Another factor that determines the use of GBL and GLE is the easiness of adaptation 
and integration in Virtual Learning Environments (VLE). This approach provides 
further motivation and healthy competition among students, while allowing teachers 
to evaluate both the adaptation of requested content to multiple representation formats 
and the students’ progress. The use of teaching strategies based on games is not only 
proven to increase student motivation but is also positioning itself as a good 
technology for assessment, facilitating the aligned and embedded assessments using 
virtual scenarios in which students can demonstrate their skills. 
Recently, some researchers have started exploring the possibilities of using 
mobile phones to test students [de-Marcos, 10] [Trianfillou, 08]. The use of these 
devices allows not only access to online education and provides a system much more 
adapted to current criteria for mobility, but also provides the teacher with a more 
effective method of a dynamic assessment that is also direct and effective [Zhang, 
10]. Boyle and Hutchison [Boyle, 09] stated that increased use of technological 
devices and applications generates an easier way to evaluate both complex tasks and 
specific student skills. According to the JISC report “Effective assessment in digital 
age” [JISC, 12], technology has to be used to create authentic assessment, serving as 
the foundation for effective incorporation of technology resources in classrooms, with 
the goal of increasing student motivation, and especially for the management of new 
evaluation methods.  
2.1 Project Based Learning and TEL for Aligned and Embedded Assessments 
As previously stated, one of the key issues in the current university teaching is the 
management of student motivation. The change in the educational systems of the past 
decade (which involved a reduction in the number of hours of teaching classes), along 
with a reduction in the number of university students, has caused a shift in the 
teaching paradigm, which is currently focused on how to improve student ability and 
skills.  
As previously proposed [Biggs, 99], the evaluation and control of the quality of 
student education and development is a key concept in the implementation of 
technologies utilised in the classroom. Thus, teaching and assessment practices must 
be aligned to the aims of teaching. In this sense, one of the most standardised 
examples of aligned teaching is the work by SCC (Scenario Centered Curriculum) / 
Problem-based learning (PBL)—a system perfectly suited for the fields of civil and 
building engineering, which are the focus of this paper. However, the experience 
shows a high rate of very subjective assessments (whereby the same project is deemed 
a success or a failure by different architects). For this reason, it is easy to find course 
tutors and professionals very reluctant to implement self-evaluative systems and / or 
clarify the evaluation of teaching / learning activities (TLAs). According to Biggs, 
this results in more damage than any other single factor in the process of assessment 
of learning. The defence of a subjective evaluation system is based on the negative 
effects that have explicit quantitative assessment on the student, where this time can 
be spent to follow a strategy that will help them learn, rather than simply achieve a 
pass grade. 
Educational activities should be designed so that the students do not solely focus 
on the final grade, but strive to achieve the proposed goals and thus automatically 
attain the correct evaluation [Biggs, 99]. Hence, the gamification of educational 
activities appears to have potential to increase student motivation, while also 
motivating them to attain better scores in practical assignments (as well as higher 
overall score). It also has the capability to generate new virtual and embedded 
methods for assessing student learning. On the other hand, motivation is essential for 
the design and assessment is necessary aspect of student engagement [Dominguez, 
13]. 
In contrast to traditional programs (passive and focused on subject matter), a SCC 
offers an experience equivalent to learning a trade, as learners must face a well-
planned series of real situations (scenarios) in a significant and motivating role. 
Within these scenarios, they must carry out precisely those tasks, activities and 
reasoning processes that are best suited for building the desired skills [Higueras, 
2013]. This way, learners facing a problem on their own will start to notice why 
certain skills are useful. This type of program is based on the most common exercises 
and projects that the civil and building engineering students are using as PBL 
Systems. The SCC are defined as follows: 
 
• A scenario: Simulation of an authentic situation that can motivate students 
by providing a coherent context for individual and collective learning.  
• A sequence of planned tasks: Framed within the scenario, this allows the 
student to practice the key behaviours targeted in the training and, as a result, 
learn them.  
• A structured suite of complementary learning resources: This includes work 
procedures, models to be used, job-aids, workplace tools, glossaries, etc. 
• Access to a mentor: Online support or in-person communication, allowing 
students to obtain feedback and help precisely when necessary to reinforce 
learning. 
 
In civil engineering and construction education, students are accustomed to using 
SCC and PBL strategies in the learning process. However, the use of ICTs and TELs 
in combination with complex and self-evaluating systems is less common. In practice, 
the students require the three-dimensional visualisation and compression, as these are 
skills and abilities where virtual and environmental systems show better adaptation to 
such content [Fonseca, 13, 14]. Additionally, in several studies, the authors have 
demonstrated the role of gamification and game-based learning (as a sub-model of 
PBL) in assessment within virtual environments [Wood, 13]. Examples of systems 
that can improve student assessment while increasing efficiency and providing new 
opportunities for educators to use motivation and ubiquitous systems are, however, 
rare [Villagrasa, 14]. 
The combination of three-dimensional models with urban information (especially 
when this information can be viewed and managed ubiquitously) will allow students 
to acquire skills related to historical knowledge, project development, and urban 
planning. Future architects and planners should be able to manage the proposed SCC 
from early stages, which is a great advantage, since in this particular field it is very 
difficult to work with abstractions and simplified models. The use of ICTs in 
education has a clear objective to promote an enhanced learning (TEL), in multiple 
form (assistance and semi assistance), generating much more motivation and 
improvement of academics for students, while allowing teachers to monitor and 
evaluate students’ progress with greater ease. Literature on the use of explicit 
pedagogical strategies dedicated to the enhancement of creative problem solving is 
relatively scarce [Retalis, 2011]. 
This creates an opportunity for greater research and development effort in the 
context of learning strategies that could effectively promote creativity and innovation. 
The design-oriented pedagogy for TEL (for example, using exercises based on PBL) 
allows the students using collaborative environments to create and discuss new spatial 
proposals. This results in improving both general and specific skills that encompass 
both formal and informal educational environments [Vartiainen, 12]. Learning to 
collaborate and connect through technology is an essential skill and capability that 
future societies will expect from all individuals [Binkley, 11]. 
2.2 3D Models, Visualisation and Assessment 
Historically, in the civil and building engineering education, visualisation and 
understanding of 3D space was typically accomplished via the classical view 
(physical models and drawings), necessitating complex 3D models and high 
computers specifications. This approach is changing owing to a generational change 
and continuous improvement and development of technology. The new systems based 
on VR / AR (Virtual and Augmented Reality), Geo-Referencing, and learning 
gamification, will gradually reduce the control imposed on the designed tasks and 
presentations scheduled. The well designed systems that allow the users to extract, 
store and manage various tasks, and provide easy to assess control at all times will 
enhance student learning and their ability to manage the tasks [Avouris, 2012]. 
Moreover, most extant analyses, both implemented or evaluated, have focused on 
VR models, while those that have used AR or gamification techniques are much rarer, 
and those that centred on students’ access to tasks or projects in architecture or 
construction are almost non-existent. However, due to the potential of virtual systems, 
we can strengthen the spatial skills and abilities of students while also using the 
essential interactive and collaborative features of these processes. Students can work 
with peers and teachers and take part in multi-tasking / multi-user collaborative and 
instant tracking [Calongne, 08] [Rieder, 11]. 
Owing to digital processing, visual integration of students with the 3D 
environment allows for a fast and inexpensive improved understanding of space. The 
simplicity of completing the most basic models with the creation of new objects, light 
treatment, materials, textures, shadows, etc., allows a dynamic workflow that is much 
faster to complete than the actual physical scale models. Additionally, the versatility 
of virtual worlds [Ibañez, 12] and their use in social networking allows creation and 
work with heterogeneous groups from all over the world, who can collaborate 
synchronously in different virtual spaces. Virtual Worlds provide a combination of 
simulation tools, sense of immersion and opportunities for communication and 
collaboration that have a great potential for their application in education [Griol, 12]. 
However, as criticised in [Girvan, 10], many of the existing educative experiences in 
Virtual Worlds only replicate traditional approaches, such as for example recreating 
classrooms located in a Virtual World. Learning by designing [Hennessy, 99] has 
been regarded as an instructional approach that can be appropriate in knowledge 
creation, since it provides opportunities to work with complex design tasks within 
authentic and meaningful learning contexts [Seitamaa-Hakkarainen, 10]. 
In addition, we can find several assignments that were completed in recent years 
that required students to acquire spatial skills and use mobile technology. Antonio 
Gordillo [Gordillo, 13] proposed a generic model to support a new way of visiting the 
city. In this approach, instead of understanding it as a place for tourism, the students 
perceive it as a place for learning in which all necessary educational resources are 
available. The model has been conceived as a way to encourage the learners to create 
their own educational tours, in which Learning Points Of Interest are set up to be 
discovered using two models—formal (conducted by a teacher) and informal outdoor 
mobile learning (no educator is related to the learning experience). This system is 
nothing more than a basic model of SCC using gamification as a strategy to motivate 
students, as they work on solving a real task scenario as a POI display using elements 
of VR. The educational system is based on "developing scenario-based series games 
for complex cognitive skills acquisition" where we find previous work on all 
platforms [Slootmaker, 2014] [Herrington, 07] [Hummel, 11] [Nadolski, 12]. 
Taking AR and VR into account, these approaches share some common features, 
such as immersion, navigation and interaction. On one hand, AR allows collaborative 
experiences and tangible interactions in a real scene [Dunleavy, 2008]. By overlaying 
virtual objects in a real environment through markers, the students can modify and 
manipulate the scale, position and location of virtual objects. On the other hand, when 
VR is used with game engines (like Unity or Unreal) or immersion visualisation 
devices (like oculus Rift), it provides new collaborative experiences superior to AR, 
because all students will interact with each other and all the 3D models and spaces by 
virtual navigation with Smartphones, tablets, 3D website or advanced devices, such as 
Oculus Rift. Therefore, we can conclude that VR technology, by providing new 
interaction possibilities, promotes students’ participation in their own knowledge 
construction. For instance, through interaction with 3D models of environment, the 
entire construction sequence of a surface, in time and space, can be simulated for 
students, where a gamification approach facilitates better understanding [Ternier, 
2012].  
By using mobile devices in education, we can generalise this concept and refer to 
it as Mobile Learning, where the use of VR elements allows faster and better 
understanding of issues related to construction and technology [Redondo, 13]. Recent 
experiments in this field have evaluated mixed assessments both quantitatively and 
qualitatively [Fonseca, 13]. Their findings support the conclusion that the use of these 
technologies generates high rates of student motivation and much greater 
involvement, leading to high satisfaction in monitoring, resulting in increased ratings. 
However, its integration into gamified learning systems and the difficulties of file 
exchange among CAD / CAM, 3D, VR / AR systems, leads us to conclusion that 
more development is needed before all systems can be successfully integrated in an 
informal learning environment, inclusive of capabilities for aligned assessment 
[Fonseca, 14]. 
2.3 Assessment of skills and competencies in Civil and Building Engineering 
Degrees  
It is difficult to generate technological solutions that address the assessment of 
skills and competencies in a general way. The main abilities and digital skills 
described in Civil and Building Engineering programs include the following: 
• General skills (Interpersonal, IP; Systemic, S; Instrumental, IT): 
• IP1: Team work. 
• S1: Ability to work autonomously. 
• S2: Ability to develop new learning strategies. 
• IT1: Information management skills. 
• IT2: Basic skills in computer use. 
• Specific propaedeutic block, P (Competencies for the skill group on Ideation 
Space and Graphic Representation:  
• P1: Apply graphic procedures to space and object representations. 
• P2: Conceive and represent the visual attributes of objects and 
master proportion and drawing techniques, including computer. 
• Block specific knowledge, Sb (Skills for Groups Systems and Restoration 
Graphic Representation): 
• Sb1: Spatial representation systems. 
• Sb2: Analysis and theory of form and laws of visual perception. 
• Sb3: Metric and projective geometry. 
• Sb4: Graphic lifting techniques at all stages. 
 
Additionally, urban studies allows the students to acquire and improve their skills 
in other areas related to civil, urban (Ur), and building design, such as: 
• U1: Acquisition of knowledge about urban analyses/project methodologies.  
• U2: Identification, location and solution of problems in urban planning in a 
multidisciplinary context.  
• U3: Understanding of the impact of urbanism in our society. 
• U4: Use of new intervention techniques.  
• U5: Urban planning, management and development control. 
 
In our framework, it is still uncommon to use the now classic Assessment 
Technologies that we could call the first generation, such as online test with several 
variants (multiple choice, multiple response, etc.). Typically, these systems are 
integrated in VLE (e.g., Moodle); however, teachers in architecture are usually 
reluctant to adopt such technology systems, as many of them are already established 
in their profession and delegate the more technical tasks to their employees. Thus, in 
such educational scenarios, technology adoption is a challenge in its own right.  
3 Context 
Our case study presented allows the novice users in architectural education to 
generate a scenario in which students can demonstrate the acquisition of competences 
and skills using virtual environments and PBL with embedded assessment activities in 
the learning flows. For this reason, the challenge of this project is to change not only 
the educational method of a particular area, but also the evaluation of the proposal by 
the students themselves towards their improvement and future implementation in 
other subjects.  
In order to assess students’ competencies and their technology use in 3D, the 
following guidelines have been developed, to explain the topics students have to 
master and their relation to the aforementioned skills: 
 
• General Skills: 
• IP1: Integration of the pavilion in the island according to the 
remaining pavilions. The work on each pavilion is conducted in 
small groups. 
• S1: Conceptual design, sketches and 3D modelling is evaluated. 
• S2: Learning how to use tools of the model and its virtual 
environment.  
• IT1: Locate in the urban plan of the island, analyse the proposed 
master plan and enhance the work area. Propose timetable with 
period deliveries, and processes involved in creating 3D pavilion 
phases. 
• IT2: Creating 3D modelling, texture mapping, lighting, and 
rendering, followed by final virtual presentation, which is formally 
assessed. 
• Specific propaedeutic block: 
• P1: Drawing and conceptual design of the pavilion and the final 
render is evaluated. The objective of the course is to introduce the 
creation of 3D content, emphasising 3D modelling, texture and 
lighting 3D scenes, and basic knowledge of computer animation, 
model-driven design and audio-visual production. 
• P2: Work process is evaluated throughout the pavilion construction. 
• Block-specific knowledge: 
• Sb1: Pavilion design with 3D models and virtual environments. 
• Sb2: Rendering and work in immersive virtual worlds is evaluated. 
• Sb3: Working 3D model is evaluated. 
• Sb4: It is assessed throughout the pavilion design workflow, from 
the idea to the final render or virtual experience. 
• Urban design: 
• U1: Necessary for city planning.  
• U2: Individual and teamwork assessment. Continuous learning. 
• U3: Assessment of working in a professional context.  
• U4: IT and TEL uses in cities and land sites.  
• U5: Planning, management and urban development control. 
3.1 Methodological approach of the subject Drawing Tools 2 
The methodological approach of this work allows students to participate in the 
definition of the final product. The study was conducted during the 2013–2014 
academic year, with students in their second year of a Building Engineering degree. 
The experimental framework will be completed in the course “Drawing Tools 2,” a 
six ECTS-credit course that is taught during the second semester of the school year. 
The subject is divided into 16 weeks (about four hours each week), resulting in an 
evaluated total of 64 hours of classroom time, although the overall workload equates 
to 150 hours. For the purpose of this study, 30 groups have been formed, with 65 
students (35 women and 30 men) as study participants. The methodology used in the 
current study is based on exercises that students try to follow and understand while 
the teacher is explaining the work on the projector. This requires much more activity 
in the classroom and promotes collaboration and learning. During the practical classes 
of the course, which consist of monitoring assessments and evaluating activities, 
exercises, and practices, a total number of points is awarded to each item, applying 
the principles of gamification. 
 
Figure 1. Learning objectives and assessments weights 
 
The evaluation system shown in Figure 1 is balanced, with a percentage of points 
awarded for direct representation. However, given that the SCC and the creation of 
the island is gamified, it is possible to for students to achieve a higher level than 
usual. Throughout the course, students must earn a maximum of 10,000 points. We 
can divide the subject into two main groups. The first pertains to the house project, 
with a total weight of 70%, and the second project, the Virtual Island, carries a total 
weight of 30%. The latter is the SCC project, where we focus the case study 
specifically designed for a more aligned assessment using virtual reality and 
gamification. The assessment method applied to the first project comprises: 
 
• Modelling: 1000 points 
• Texturing: 1000 points 
• Rendering and lighting: 1000 point 
• Panel: 4000 points 
 
This results in a maximum score of 7000 points, i.e., 70% of the total value that, 
when mapped to grades from 1 to 10, would correspond to a 7. The greater weight of 
the evaluation means that the student is in the phase dedicated to learning to use the 
tools, and the time devoted to their use is aligned to the value of the assessment. This 
first exercise is developed using Revit Architecture and Adobe Photoshop (Figure 1). 
Thus, students were required to search information, participate, and present their 
project before a digital architectural panel. 
In an intermediate stage, teachers conducted a few exercises consisting of certain 
recreations and modifications of one of the buildings of the faculty using Adobe 
Photoshop. Finally, the teachers conducted exercises regarding the consistent 
improvement of the rendering of 3D example models with Autodesk 3dsMax. In this 
phase, students had to deepen their knowledge of texturing and lighting to recreate the 
house for panel presentations, this time in a physical and professional format (Figure 
2). For this assignment, they could be awarded maximum of 500 points for the entire 
process of drafting, and further 1500 for the submission and staging of the final 
poster, which included night and day images. 
The final stage of this process begins with the teachers conducting two exercises 
based on the original groups with different pavilions for a theoretical international 
exhibition (storyline gamification), which was also posted on a geographical space 
similar to an island (Figure 3). In addition, students had to look for information, and 
could thus receive points for correct research. Further points could be awarded for the 
entire process of design and delivery. In this phase, the applications used consisted of 
Autodesk Revit, 3dsMax, Adobe Photoshop, and Sketchfab. For programming the 
interaction, teachers used Unity and Oculus Rift for visualising a major immersion 
experience. The members of each group were instructed to carry out their work, 
despite encountering multiple difficulties in the completion of various tasks. 
Information regarding different evaluations carried out during the course has been 
reported through the Schoology system. This information included what the students 
learned systematically, including estimations of their exercises, which have been 
reviewed and tested if necessary, and the total number of points earned. 
In the proposed scenario, both teachers and students act as evaluators, and are 
reviewing the design in real time and playing around the proposed scenario (a virtual 
island). They were also required to generate feedback reports to all users, which were 
both peer-based on the dynamics of game and provided by the teachers as resolved 
activities. TEL and the gamification techniques play a central role in the assessment, 
which tries to identify students hiding behind their classmates. It is designed to create 
positive interdependence within groups, while allowing individual accountability, 
thus promoting involvement of all students in learning activities. 
 
3.2 The island: gamification and technology for assessment 
The objective of the course is to introduce creation of 3D content, emphasising 
modelling, texturing and lighting of 3D scenes, and basic knowledge of computer 
animation, model-driven for design and audio-visual production. 
 
Figure 2. Methodology for embedding the assessment of the virtual island 
For the SCC of the virtual island 3000 points will be obtained which are broken 
into these branches: 
• Idea/sketch (10%): 300p 
• Design (10%): 300p 
• Modelling (25%): 750p 
• Texture (20%): 600p 
• 3D on web con sketchfab (5%): 150p 
• Virtual island (5%): 150p 
• Render (25%): 750p 
 
For the SCC of the virtual island, 3000 points can be obtained, which are scored 
as shown below: 
• Idea/sketch (10%): 300 points 
• Design (10%): 300 points 
• Modelling (25%): 750 points 
• Texture (20%): 600 points 
• 3D on web con Sketchfab (5%): 150 points 
• Virtual island (5%): 150 points 
• Render (25%): 750 points 
 
The learning process will typically take place in groups, focusing on collaborative 
challenges and interaction with peers. The whole class is given the opportunity to 
work/play on a global project to build an exposition and design a pavilion with 
constraints. The name of the island will be decided by student voting, via a discussion 
created in Schoology [Friedman, 07]. This LMS tool displays the points earned and 
shows the progression with the aim to personalise the island and make it close to 
those that worked on it. 
For the creation of the island, the parcels are numbered, marked and assigned. 
Initially, the island is undeveloped, and is only populated with trees, animated water 
and other natural features. By gamifying the process further, the design is constrained 
by minimising the ecological impact, for instance. This can be accomplished by 
limiting the number of trees that can be cut, or allowing a maximum 400 square 
meters of urbanised land, and enforcing a maximum building height of 15 meters. The 
model in terms of polygons should be lightweight and, as a minimum, there should be 
a texture applied to the model. Due to the size of the island, two high point accesses 
have been created—a lighthouse in the east and a tower in the west. Once the job is 
completed, students should transfer it to Sketchfab, as this allows visualising their 
work in a web browser in 3D, to make sure that the model meets the prerequisites. In 
addition, this allows them to show and share the model for further development. 
In addition, when the full integration of the pavilion is completed, students will 
be asked to score the three best pavilions and explain why they made this particular 
choice. By creating competition, the goal is to engage them and motivate them to 
improve finishes and detail of their work. The groups that attain the first three places 
will receive extra reward points. In terms of technology, the pavilion is created with a 
combination of Revit and 3dsMax. 
In the classroom, the teachers will create discussions among groups, and form 
contests for each group to compete in. This island is an example of gamification 
techniques and the use of 3D virtual tools such as Unity. In addition, to increase 
student motivation, the teachers create the island that it is compatible with Oculus Rift 
for a real 3D immersive VR experience. With gamification as the topic for students in 
building engineering and architectural courses (and in order to use 3D tools to create 
architectural models), teachers encourage students to work collaboratively and 
actively participate from the beginning of the course to its end. The virtual exposition 
of the island will be showcased so that it can be seen via any platform, such as PC, 
tablet, mobile phone, with new touch screen technologies like Unity, and with Oculus 
Rift for a virtual reality experience. 
 Figure 3. Masterplan of the virtual island 
Once the job is completed, students will upload their designs to Sketchfab, 
visualising it in a web browser in 3D, to ensure that the model meets the prerequisites 
and share the model for further development. When the integration of each pavilion 
on the island is complete, teachers will export the files to multiple outputs, such as a 
web browser, executable for PC or MAC (necessary for the Oculus version), and 
mobile iOS or Android.  
In addition, students must present a rendering of their pavilion design (Figure 2). 
After uploading their models, students can share their work using Unity (Figure 4), 
whereby visualisation is achieved using immersive devices such as Oculus Rift. This 
type of devices represents a good VR technology for 3D model visualisation, 
especially in video games. In addition, VR devices promote immersive participation 
and, in this case study, the students and their classmates participate actively in this 
virtual world. The generation of practical exercises to develop 3D objects or spaces as 
a part of the course does not only permit the creation of static images for audio-visual 
productions but also facilitates an interactive and immersive visualisation.  
 
Figure 4. Virtual Reality of the island with the pavilions created by the students 
For a more direct evaluation, we have used a LMS, which facilitates assessment 
in a ubiquitous system. Schoology enables integration of the assessment and helps 
develop gamified scenarios, by making quick fixes and obtaining immediate 
feedback. This is particularly valuable for students, as it helps them proceed to the 
next phase of the project. This system also allows the teachers to manage assessments 
obliquely, from a PC or a mobile and give students immediate feedback. Moreover, 
an API on the website allows the users to create their own applications or develop a 
web page, such as a gamified platform, which is in our case called GLABS 
[Villagrasa, 14].  
On the platform, one can display multiple columns, each allowing evaluation of 
many activities, sometimes subdivided into many mini projects. This layout helps 
monitor the project progress and facilitates the final stage of the creation of a pavilion 
for the virtual island. Thus, at each stage, the student obtains immediate feedback 
from the teacher, thus embedding the objectives of the course and ensuring that the 
next phase can proceed, as the assessment is immediate and detailed. 
4 Results 
Qualitative methods are commonly employed in usability studies, inspired by 
experimental psychology and hypothetical-deductive paradigm, employing samples of 
users whose number is usually relatively limited. Nevertheless, the Socratic paradigm 
from postmodern psychology is also applicable and useful in these usability studies 
because it targets details related to the UX with high reliability and uncovers subtle 
information about the product or technology studied. This psychological model 
defends the subjective treatment of the user, unlike the objective hypothetical-
deductive model [Guidano, 89]. Starting from the Socratic paradigm basis, we will 
use the BLA system (Bipolar Laddering) [Pifarré, 07]. BLA method could be defined 
as a psychological exploration technique, which points out the key factors of user 
experience. The main goal of this system is to identify concrete characteristic of the 
product that result in user frustration, confidence or gratitude.  
BLA method focuses on the positive and negative poles to define the strengths 
and weaknesses of the product. Once the element is obtained, the laddering technique 
is applied to define the relevant details of the product. The object of a laddering 
interview is to uncover how product attributes, usage consequences, and personal 
values are linked in a person’s mind. The characteristics obtained through laddering 
application will define what specific factors define an element as either a strength or a 
weakness. Using the results obtained, the elements are polarised based on two criteria: 
1. Positive (Px) / Negative (Nx): The students must differentiate the elements 
perceived as strong points of the experience that helped them to improve the 
type of work proposed as useful, satisfactory, or simply functional aesthetic 
(see Table 1). The negative aspects are those that did not facilitate work or 
simply need to be modified to be satisfactory or useful (see Table 2). 
2. Common Elements (xC): Finally, the positive and negative elements that 
were identified by several students (common elements), are identified 
according to the coding scheme, shown in Table 1 and 2: 
 
 
 
 
 
Positive Common (PC) Av Score 
(Av) 
Mention Index 
(MI) 
1PC Use of multiple edge technology 8,2 90 
2PC Learning by doing methodology 8,5 40 
3PC Gamification techniques and awards 7 40 
4PC Creativity modelling 9,3 70 
5PC Collaborative works 8,3 30 
6PC Professional portfolio 8 30 
7PC Use of Virtual Reality 9 90 
Table 1. Positive Common (PC) elements 
 Negative Common (PC) Av Score 
(Av) 
Mention Index 
(MI) 
1NC Little time for learning 3D 5 90 
2NC Use of Schoology points LMS 4 30 
3NC Lose track of contents 2 60 
4NC Group grades versus individual 5 40 
5NC Gamification: points & badges 6 30 
6NC A lot of retouching image tools 5 50 
7NC Use of vectorial software 5 10 
Table 2. Negative Common (NC) elements 
 Description Mention Index 
1CI Small groups 20% 
2CI Unified web portal with a better gamification 60% 
3CI Starts with an easier exercise 10% 
4CI More 3D for design or films versus videogames 10% 
5CI At the beginning of the subject, clarify minimum specs 20% 
6CI More detailed grades. Rubrics for collaborative works 40% 
7CI Website with tutorials and maps for find the path again 50% 
8CI Better weight. Rounded numbers. Unified web portal with 
a better visualisation of grades 
30% 
Table 3. Proposed Common Improvements (CI) for both positive and negative elements 
 
The common elements that are mentioned at a higher rate (MI) are the most 
important aspects to use, improve or modify (according to their positive or negative 
sign). The particular elements, due to their citation by only a single user, may be ruled 
out or treated in later stages of development.  
Once the features mentioned by the students are identified and given values, the 
third step defined by the BLA can commence. It involves qualitative analysis, in 
which the students describe and provide solutions or improvements to each of their 
contributions in the format of an open interview. 
4.1 DISCUSSION 
These results indicate that the adaptation of the content and the processes designed for 
the VR Island yielded student outcomes comparable to the average academic results 
that were historically achieved in this subject. The approach used also allows us to 
corroborate the qualitative data collected using the BLA (shown in Tables 1, 2). 
Although there was excess content regarding the time and the appeal of the VR 
system, the structure of the course was highly valued. The common elements that 
were mentioned at a higher rate are the most important aspects to use, improve, or 
modify (according to their positive or negative sign). The particular elements, due to 
their citation by only a single user, may be ruled out or treated in further stages of 
development. 
The individual values obtained for both positive and negative indicators are 
shown in Table 1 and 2. Table 3 shows the main improvements or changes that the 
students proposed for both positive and negative elements. Only the “common” 
aspects, i.e., those mentioned by at least two students, have been included. At this 
point, before discussing the results, it is interesting to note the most relevant items 
obtained from the BLA, identified by high rates of citation, high scores, or a 
combination of both. Since work is carried out following an open-ended method, 
some of the elements above were not at the focus of the study (i.e., the evaluation of 
new visual techniques in the teaching field). Thus, only the elements most closely 
related to the motive of the study are highlighted. 
Concerning positive remarks, the multiple use of edge technology (MI: 90 %, Av: 
8.2) and the use of virtual reality (MI: 90 %, Av: 8.2) can be highlighted. In short, 
based on the ratings obtained here, the enhancements of methods for presenting 
architectural projects should not be modified in the redesign process. 
This improved academic performance can be attributed to the course curriculum, 
the methodology of visualisation with VR, and enhancement technology provided by 
working with 3D, resulting in positive data yielded by the BLA. However, there are a 
number of negative aspects (Table 2) and solutions proposed (Table 3) by students 
that have had a direct impact, including the lack of time for practical realisation, VR 
explanations and techniques for rendering in 3D. Comparing the academic results 
with all the negative aspects and improvements that were cited in the BLA and those 
that can be drawn from the quantitative data, it is clear that the students appreciated 
this approach to learning and were highly motivated to work in 3D. Working in 3D is 
a very useful architectural technique; nevertheless, students become aware of the 
difficulty of establishing a domain when working with advanced models, which 
requires greater time for plans and details. 
5 CONCLUSIONS 
The use of TEL and gamification for assessment in 3D arts has demonstrated its 
usefulness as a system that can help align the assessed process and increase the 
embedded workflow of assessment. The Gamification has not only helped in student 
motivation, but has also allowed integrating the evaluation process in each of the 
phases of the project. The phase-by-phase 3D construction process of the pavilion has 
been very useful for students, allowing them to learn the basics in a completely 
practical way. The use of methodologies, such as PBL and SCC, is a valuable method 
to have as a guided development, from the idea itself to conceptual drawing, spatial 
concept, texture work, scale of the environment, etc. The use of gamification in the 
evaluation process has not only helped to create a better project but has also provided 
a way of seeing the self-evaluation as a well-aligned process to learn and develop the 
project itself. According to the final project results and personal interviews, the BLA 
model, due to the SCC proposed, appears to yield an essential improvement. Having 
the island exposed publicly in a VR from a computer or with an immersive device 
creates a sense of competitiveness among groups that worked on different pavilions. 
Furthermore, the use of SCC and gamified Virtual Reality offers students greater 
motivation to complete a project, thus creating complex environments to be 
urbanised. Technology such as immersive VR, devices like Oculus Rift, and advanced 
technology of videogames such as Unity or Unreal, are essential to achieve better 
results in the development of creativity, design of 3D modelling, lighting, rendering, 
and textures. Additionally, the use of 3D visualisation on mobile devices using 3D 
web services like Cl3ever or Sketchfab helps students achieve a more detailed project 
that can be integrated into their digital portfolio. All activities and exercises that help 
create the 3D design of the pavilion are assessed. Immediate feedback is provided on 
the Schoology platform, as a simple way to assess students’ progress dynamically and 
rapidly, thus increasing their engagement and achievement. 
This work focused on providing support through software technology in the first 
phase of the project lifecycle, or the design phase. The objective of the design phase is 
to create a design of the model that implements pedagogical methods suitable for the 
given learning objectives. This pertains to the preparation of the project for a 
particular learning flow, the understanding of the situation planned for the island, and 
finally the assessment of the pavilion, which might lead to changes for future 
applications. The use of gamification in a classroom is expected to increase student 
engagement and motivation, as it is more interactive and enjoyable compared to 
traditional classroom methods. It is important to engage the students with 
collaborative work in the classroom and develop a storyline (similar to a multiplayer 
game). This can be accomplished by competing with one another in groups, or 
developing a team that solves one goal together in a collaborative way. In the case of 
the island, students develop and urbanise an island as they wish, but also compete 
against each other to achieve the most visually appealing design. Their designs are 
displayed, allowing students and university faculty walk virtually into their pavilion. 
The main advantages of this approach stems from the design process embedded 
with VR. The data is much more specific than that obtained through qualitative 
methods, which is usually the focus of studies that aim to address general questions.  
The initial hypothesis proposed in Section 1 was based on the concept that, with a 
minor investment of time and with the use of visual mobile devices, students could 
obtain better results by having more motivating and satisfying experiences. This 
hypothesis has already been partly confirmed, as the use of mobile technologies and 
visual systems of the latest generation is more motivating for students. However, it 
has been demonstrated that these technologies do not reduce the investment of time 
because they require more hours dedicated to explanation, practice, and debugging to 
create the final projects. Nonetheless, neither the lack of time nor the need for more 
time to achieve the objectives of the course adversely affected the experience. Thus, it 
can be concluded that the motivational nature of the experience should be targeted for 
improvement in future iterations. 
6 FUTURE WORK 
Two possibilities have been identified for the experiments that should be conducted in 
the future, namely the adaptation of content and the assessment on individuals with 
disabilities, and automatic assessment within Virtual World according to their profile. 
New VR devices that can increase the sense of immersion aimed for ordinary 
consumers of video games were recently introduced into the market. The project that 
will be developed is supported by two pillars, the VR and HCI. The first field is based 
on the immersion of the user in a virtual environment generated by a computer, while 
the second focuses on creating devices that allow the user to have fast, fluid and 
natural interaction with the computer. The idea is to develop a simulator that can 
move freely in a virtual environment (using, for example, Kinect), and interact with 
different VR elements. In this system, students can change some objects that were 
previously created by others, interact with them to move freely in 3D space and 
change materials incorporated in these objects (i.e., modify their visual properties).  
This greater integration of immersive virtual worlds will help assess the work 
progress in an aligned way against the learning objectives of the courses using 3D. 
Thus, this initiative will build on the PBL foundation, as well as SCC and 
gamification, with the goal of attaining a greater embedment. The expected outcome 
is a more balanced project workflow and an assessment method that facilitates student 
learning. 
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5 Resultados 
Con	  el	  fin	  de	  dotar	  una	  visión	  general	  del	  impacto	  conseguido	  con	  las	  propuestas	  presentadas,	  
hemos	   realizado	   una	   recopilación	   de	   las	   notas	   finales	   de	   las	   asignaturas	   en	   las	   cuales	   se	   han	  
realizado	   los	  experimentos	  referenciados.	  Como	  se	  puede	  ver	  en	   las	  siguientes	  gráficas	  hemos	  
indicado	  para	  cada	  artículo	  indexado	  en	  la	  tesis	  el	  momento	  temporal	  de	  realización	  para	  cada	  
materia,	  incluyendo	  incluso	  alguno	  de	  los	  artículos	  incluidos	  en	  los	  anexos.	  
	  
	  
	  
Figura	  5.1.	  Promedio	  de	  notas	  finales	  de	  la	  asignatura	  de	  estudio	  Herramientas	  Informáticas	  1	  
del	  grado	  de	  Arquitectura	  y	  Arquitectura	  Técnica.	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Figura	  5.2.	  Promedio	  de	  notas	  finales	  de	  la	  asignatura	  de	  estudio	  Herramientas	  informáticas	  2	  
del	  grado	  de	  Arquitectura	  y	  Arquitectura	  Técnica.	  
	  
	  
	  
Figura	  5.3.	  Promedio	  de	  notas	  finales	  de	  la	  asignatura	  de	  estudio	  Animación	  por	  ordenador	  1	  
del	  grado	  de	  Multimedia.	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Figura	  5.4.	  Promedio	  de	  notas	  finales	  de	  la	  asignatura	  de	  estudio	  Animación	  por	  ordenador	  2	  
del	  grado	  de	  Multimedia.	  
	  
	  
Como	  se	  puede	  observar,	  hemos	  trabajado	  con	  las	  medias	  finales	  en	  convocatoria	  ordinaria	  de	  
cada	  materia.	  Con	  el	  fin	  de	  evaluar	  si	  el	  método	  propuesto	  en	  cada	  caso	  ha	  afectado	  de	  forma	  
significativa	   a	   los	   resultados	   de	   los	   alumnos,	   hemos	   realizado	   un	   análisis	   estadístico	   para	  
comparar	   los	   promedios	   y	   evaluar	   si	   las	   diferencias	   visuales	   son	   o	   no	   significativas	   entre	   un	  
curso	   previo	   realizado	   en	   modo	   “clásico”	   y	   el	   siguiente	   donde	   se	   efectúa	   alguna	   de	   las	  
innovaciones	  docentes	  descritas.	  Lógicamente	  sin	  un	  estudio	  de	  correlación	  directo	  no	  podemos	  
afirmar	  categóricamente	  que	   la	   innovación	  es	  el	   fruto	  del	  cambio	  académico,	  quedando	  como	  
una	  clara	  línea	  de	  futuro	  a	  investigar	  en	  próximos	  experimentos.	  
	  
Para	  el	  cálculo	  hemos	  utilizado	  el	  paquete	  de	  Excel	  con	  su	  extensión	  de	  Datos,	  que	  incluye	  toda	  
una	   serie	   de	   funciones	   para	   el	   trabajo	   estadístico.	   En	   nuestro	   caso	   hemos	   realizado	   una	  
comparativa	  de	  la	  varianza	  de	  las	  muestras	  partiendo	  de	  la	  hipótesis	  que	  esta	  es	  diferente	  para	  
cada	  año.	  Con	  el	  test	  de	   la	  t	  de	  Student,	  y	  usando	  como	  hipótesis	  nula	  que	  no	  hay	  diferencias	  
entre	  los	  promedios,	  la	  significancia	  estadística	  (con	  corte	  a	  dos-­‐colas),	  siempre	  que	  se	  sitúe	  por	  
debajo	   del	   umbral	   clásico	   del	   0.05	   (probabilidad	   del	   95%),	   significará	   que	   no	   se	   cumple	   la	  
hipótesis	   de	   trabajo,	   y	   que	   ciertamente	   el	   sistema	   propuesta	   ha	   generado	   un	   cambio	   en	   las	  
medias.	  Es	  decir	  si	  la	  P(T<=t	  de	  dos	  colas)	  es	  inferior	  al	  0.05	  podremos	  afirmar	  que	  entre	  los	  dos	  
cursos	  se	  ha	  producido	  una	  variación	  significativa,	  que	  aunque	  científicamente	  sin	  un	  estudio	  de	  
la	  correlación,	  y	  una	  segmentación	  de	   los	  grupos	  no	  podemos	  afirmar	  que	  se	  deba	  al	  método	  
implementado,	  sí	  que	  denota	  un	  cambio	  que	  se	  puede	  suponer	  es	  debido	  al	  mismo.	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Figura	  5.5.	  Prueba	  t	  para	  dos	  muestras	  de	  la	  asignatura	  Herramientas	  informáticas	  1.	  
	  
	  
	  
Figura	  5.6.	  Prueba	  t	  para	  dos	  muestras	  de	  la	  asignatura	  Herramientas	  informáticas	  2.	  
	  
	  
	  
Figura	  5.7.	  Prueba	  t	  para	  dos	  muestras	  de	  la	  asignatura	  Animación	  por	  ordenador	  1.	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Figura	  5.8.	  Prueba	  t	  para	  dos	  muestras	  de	  la	  asignatura	  Animación	  por	  ordenador	  2.	  
	  
	  
Como	  se	  puede	  observar	  de	  los	  análisis	  realizados	  y	  la	  comparativa	  entre	  el	  primer	  año	  de	  cada	  
tabla	   (en	   el	   cual	   el	   método	   de	   trabajo	   era	   un	   sistema	   clásico	   heredado	   de	   la	   época	   pre-­‐
implantación	  del	  Plan	  Bolognia),	  y	  el	  segundo	  año	  o	  curso	  académico	  que	  es	  cuando	  se	  realiza	  
un	  nuevo	  método	  de	  trabajo,	  en	  todos	  los	  casos	  se	  está	  produciendo	  una	  variación	  en	  las	  notas	  
de	  forma	  positiva	  (es	  decir	  un	  aumento	  de	  los	  resultados	  académicos),	  y	  aunque	  pueda	  parecer	  
leve	   en	   según	   qué	   caso,	   la	   comparativa	   estadística	   nos	   muestra	   que	   en	   todos	   los	   casos	   esa	  
variación	  sería	  significativa,	  es	  decir	  podríamos	  afirmar	  que	  existe	  un	  aumento	  en	  el	  promedio	  
curricular	  del	  curso.	  
	  
Lógicamente,	   no	   podemos	   afirmar	   con	   contundencia	   que	   la	   mejora	   se	   deba	   a	   la	   propuesta	  
implantada,	   ya	   que	   hay	   factores	   como	   el	   número	   de	   alumnos	   y	   la	   tipología	   o	   perfil	   de	   los	  
mismos,	  que	  sin	  duda	  pueden	  haber	  sido	  los	  causantes	  de	  esa	  mejora,	  pero	  es	  notable	  y	  desde	  
un	   punto	   de	   vista	   cualitativo	   realmente	   significativo,	   que	   después	   de	   una	   mejora	   docente	  
implementada,	   da	   lo	   mismo	   el	   curso	   y	   el	   ámbito,	   siempre	   ha	   existido	   una	   clara	   mejora	  
curricular.	  	  
	  
A	  modo	  de	  conclusión	  es	  realmente	  notable	  indicar	  el	  caso	  de	  Animación	  por	  Ordenador	  2,	  y	  la	  
bajada	   que	   podemos	   observar	   en	   el	   último	   curso	   académico.	   Por	  motivos	   de	   planificación,	   el	  
pasado	  curso	  no	  se	  pudo	   implementar	   las	  mejoras	  propuestas	  en	   los	  cursos	  previos,	  y	  se	  tuvo	  
que	  realizar	  un	  curso	  metodológicamente	  “clásico”,	  es	  decir	  basado	  más	  en	  clases	  magistrales	  y	  
no	  tanto	  con	  uso	  de	  tecnología	  colaborativa.	  Este	  aspecto	  nos	  hace	  concluir	  de	  forma	  definitiva	  
la	  importancia	  de	  los	  métodos	  diseñados	  e	  implementados	  y	  cómo	  están	  impactando	  de	  forma	  
positiva	  en	  los	  alumnos	  y	  en	  su	  rendimiento.	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6 Conclusiones y líneas de futuro 
En	   los	   capítulos	   previos	   hemos	   descrito	   las	   aportaciones	   a	   los	   objetivos	   propuestos	   en	   la	  
presente	  tesis,	  como	  son	  el	   incremento	  de	  la	  motivación,	   la	  satisfacción	  y	   la	  adquisición	  de	  las	  
competencias	  de	  las	  materias	  de	  un	  modo	  eficaz	  y	  eficiente,	  con	  el	  uso	  de	  la	  tecnología	  TEL	  y	  la	  
gamificación	   como	   elementos	   potenciadores	   de	   la	   motivación.	   El	   objetivo	   del	   capítulo	   es	  
concluir	  y	  enlazar	  los	  diferentes	  resultados	  de	  los	  casos	  de	  estudio	  publicados	  con	  la	  verificación	  
de	   las	  hipótesis	  planteadas.	  Por	  último	  describiremos	  cuales	  son	   las	   líneas	  de	  futuro	  a	  tratar	  a	  
partir	   de	   ahora,	   que	   se	   centran	   en	   la	   evaluación	   estadística	   y	   la	   evaluación	   de	   competencias	  
emocionales	  con	  la	  tecnología	  TEL	  y	  la	  gamificación.	  
	  
	  
6.1 Conclusiones	  
	  
Tal	   y	   como	   presentan	   los	   resultados	   en	   los	   diversos	   aportes	   científicos	   de	   la	   presente	   tesis	  
podemos	  afirmar	  que	  la	  motivación	  y	  la	  satisfacción	  de	  los	  estudiantes	  se	  ha	  visto	  incrementada	  
al	   utilizar	   tecnología	   y	   la	   gamificación	   en	   el	   aula.	   Estos	   resultados	   nos	  muestran	   una	  mejora	  
curricular	   del	   estudiante,	   así	   como	   una	   confirmación	   de	   la	   adecuación	   del	   método	   y	   de	   la	  
adquisición	   de	   las	   competencias	   específicas	   de	   las	   materias	   analizadas	   de	   un	   modo	   eficaz	   y	  
eficente.	   Gracias	   al	   innovador	   enfoque	   cualitativo	   utilizado,	   han	   quedado	   demostradas	  
científicamente	   las	   premisas	   iniciales	   de	   trabajo,	   quedando	   como	   línea	   clara	   de	   futuro	   la	  
cuantificación	  estadística	  y	  la	  evaluación	  significativa	  de	  los	  datos.	  	  
	  
Un	  aspecto	  clave	  a	  destacar	  es	  la	  motivación,	  la	  cual	  se	  ha	  revelado	  como	  elemento	  esencial	  en	  
la	  elaboración	  de	  cualquier	  proyecto	  educativo	  y	  se	  muestra	  como	  elemento	  diferenciador	  para	  
alcanzar	   los	   objetivos	   definidos	   de	   las	  materias	   en	   las	   carreras	   universitarias.	   Para	   abordar	   el	  
principal	  objetivo	  y	  verificar	  el	  éxito	  o	  fracaso	  de	  los	  casos	  de	  estudio,	  	  hemos	  resuelto	  trabajar	  
con	   sistemas	  mixtos	   de	   evaluación	   de	   la	  motivación	   y	   de	   la	   satisfacción	  del	   estudiante,	   y	   nos	  
hemos	  servido	  del	  uso	  de	  la	  tecnología	  y	  de	  la	  gamificación	  como	  herramientas	  principales	  para	  
alcanzar	   nuestros	   objetivos.	   El	   resultado	   de	   los	   casos	   de	   estudio	   publicados	   en	   diferentes	  
revistas	   y	   congresos	   de	   indexación	   internacional	   validan	   no	   solo	   el	  método	   utilizado	   sino	   los	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datos	  obtenidos	  que	  se	  presentan	  en	  la	  actual	  tesis,	  centrados	  especialmente	  en	  la	  aplicación	  de	  
la	  Tecnología	  (TEL)	  en	  el	  aula	  y	  la	  aplicación	  de	  la	  gamificación.	  	  
	  
La	  primera	  observación	  que	  se	  manifiesta	  con	  especial	  intensidad	  es	  el	  potencial	  de	  las	  TEL	  para	  
transformar	  e	  innovar	  las	  prácticas	  educativas.	  Las	  TEL	  y	  la	  aplicación	  de	  métodos	  tradicionales	  
junto	   a	   mecánicas	   de	   juego	   se	   suman	   a	   la	   potencialidad	   transformadora	   e	   innovadora	   de	   la	  
actividad	  conjunta	  y	  a	  la	  configuración	  de	  espacios	  de	  trabajo	  y	  de	  aprendizaje.	  Desde	  el	  punto	  
de	   vista	   del	   diseño	   de	   los	   casos	   de	   estudio	   destinados	   a	   generar	   procesos	   de	   enseñanza	   y	  
aprendizaje,	  el	  enfoque	  teórico	  y	  metodológico	  presentado	  en	  esta	  tesis	  encierra	  implicaciones	  
importantes:	  
	  
	  
• Necesaria	  participación	  multidisciplinar	  en	  el	  diseño	  y	  desarrollo	  de	  los	  escenarios	  para	  
la	   enseñanza	   y	   el	   aprendizaje,	   y	   su	   conexión	   con	   el	   seguimiento	   de	   los	   usos	   que	  
profesores	  y	  alumnos	  hacen	  de	  las	  TEL	  para	  lograr	  los	  objetivos	  de	  aprendizaje.	  	  
	  
• Un	   espacio	   para	   la	   creación,	   gestión	   y	   entrega	   de	   secuencias	   de	   actividades	   de	  
aprendizaje,	   con	   propuestas	   realizadas	   por	   el	   profesor	   que	   los	   estudiantes	   puedan	  
seleccionar	  y	  desarrollar.	  
	  
• La	  necesaria	  incorporación	  de	  dispositivos	  que	  permitan	  a	  los	  estudiantes	  identificar	  las	  
características	  y	  variables	   relativas	  a	   la	  exigencia	  de	   la	   tarea	  propuesta,	  de	   tal	  manera	  
que	   puedan	   ajustar	   su	   forma	   de	   abordar	   la	   tarea	   tanto	   de	   manera	   individual	   como	  
grupal	  y	  en	  colaboración.	  
	  
• Crear	   una	   serie	   de	   funciones	   automáticas	   que	   proporcionen	   información	   tanto	   al	  
profesor	  como	  a	  los	  estudiantes	  sobre	  quién	  hace	  qué,	  cómo,	  cuándo,	  con	  quién	  y	  con	  
qué	   resultados,	   de	   manera	   que	   sea	   posible	   poner	   en	   marcha	   procesos	   de	  
autorregulación	   y	   ofrecer	   ayudas	   al	   aprendizaje	   tanto	   de	   naturaleza	   individual	   como	  
grupal.	  
	  
• Una	  estructura	  dinámica	  que	  permita	  pasar	  con	  rapidez	  y	  facilidad	  del	  trabajo	  individual	  
al	   trabajo	   grupal,	   conservando	   la	   identidad	   y	   especificidad	   de	   ambos	   espacios	   de	  
trabajo,	  y	  que	  permita	  al	  profesor	  entregar	  devoluciones	  en	  ambos	  planos. 
 
 
Queremos	  aludir	   a	   la	   reflexión	  planteada	  por	  algunos	  autores	  en	   torno	  a	   las	   relaciones	  en	  un	  
futuro	  inmediato	  entre,	  por	  una	  parte,	  el	  desarrollo	  de	  entornos	  virtuales	  para	  la	  enseñanza	  y	  el	  
aprendizaje,	   y	   por	   otra,	   la	   evolución	   del	   software	   social	   y	   de	   los	   entornos	   de	   inmersión	   3D	  o	  
mundos	   virtuales.	   Conviene	   señalar	   que	   aunque	   los	   resultados	   demuestran	   que	   su	   uso	   es	  
positivo,	  no	  disponemos	  todavía	  de	  evidencias	  concluyentes	  del	  potencial	  transformador	  de	  los	  
entornos	  virtuales	  de	  enseñanza	  y	  aprendizaje,	  de	  las	  TEL	  y	  la	  aplicación	  de	  la	  gamificación.	  Algo	  
similar	   puede	   decirse,	   por	   añadidura,	   de	   las	   exigencias	   de	   todo	   tipo	   que	   plantea	   al	   sistema	  
educativo	   y	   a	   la	   sociedad	   en	   su	   conjunto	   la	   eventual	   transformación	   o	   innovación	   de	   los	  
procesos	  educativos	  guiada	  por	  una	  perspectiva	  del	  uso	  de	  las	  TIC	  como	  la	  presentada	  en	  este	  
trabajo.	  En	   todo	  caso,	  apostamos	  por	  mantener	  una	  perspectiva	  crítica	  y	  analítica	  orientada	  a	  
estudiar,	  analizar	  y	  comprender	  el	  potencial	  transformador	  de	  las	  TEL	  y	  las	  mecánicas	  del	  juego	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en	  el	  marco	  de	   los	  usos	  que	  profesores	  y	  estudiantes	  hacen	  de	  estas	   tecnologías	   tanto	  en	   los	  
procesos	  de	  construcción	  guiada	  como	  de	  construcción	  del	  conocimiento.	  
	  
Como	  conclusiones	  al	  respecto	  de	  la	  aplicación	  de	  la	  gamificación,	  los	  resultados	  son	  positivos	  si	  
observamos	   tanto	   la	   motivación,	   la	   satisfacción	   y	   el	   rendimiento	   académico.	   Son	   varios	   los	  
efectos	  positivos	  de	  la	  gamificación	  y	  de	  un	  calado	  más	  profundo	  que	  los	  negativos	  en	  cuanto	  a	  
los	  objetivos	  propuestos	  en	  la	  presente	  tesis:	  	  
	  
	  
• La	  mayoría	  de	   los	  estudiantes	  (>70%)	   les	  motiva	   las	  recompensas	  y	  superar	   los	  niveles	  
impuestos,	   ya	   que	   de	   esta	   forma	   obtienen	   una	   guía	   clara	   y	   eficaz	   del	   grado	   de	  
conocimientos	  de	  las	  competencias	  a	  adquirir	  de	  las	  materias	  analizadas.	  
	  
• La	  evaluación	  del	  estudiante	  se	  vuelve	  positiva	  en	   los	  experimentos	   realizados	  porque	  
con	  la	  gamificación	  esta	  se	  realiza	  de	  forma	  más	  objetiva	  y	  sistemática,	  y	  se	  vuelve	  más	  
justa	   de	   cara	   al	   alumno	   al	   visualizarse	   claramente	   el	   progreso	   en	   las	   competencias	  
adquiridas.	  	  
	  
• La	   gamificación	   crea	   en	   general	   un	   ambiente	   de	   estimulación	   rica	   de	   motivación	  
intrínseca	   y	   fortalece	   la	   motivación	   extrínseca	   al	   abarcar	   al	   mayor	   número	   de	  
estudiantes	   con	   respuesta	   inmediata,	   aunque	   este	   feedback	   comporte	   un	   elevado	  
número	  de	  horas	  dedicadas	  de	  trabajo	  del	  profesor	  que	  se	  puede	  cuantificar	  cerca	  del	  
30%.	  
	  
• La	  gamificación	  ayuda	  al	  objetivo	  del	  incremento	  de	  la	  motivación.	  Las	  	  actividades	  que	  
más	  han	  motivado	   al	   estudiante	   han	   sido	   las	   actividades	   de	   cooperación	   y	   trabajo	   en	  
grupo,	  donde	  hemos	  podido	  comprobar	  que	  la	  competencia	  entre	  grupos	  incrementa	  la	  
motivación.	  El	   triunfo	  final	  no	  es	  únicamente	   lo	  que	   les	  motiva	  principalmente,	  sino	   la	  
participación	  en	  grupo,	  la	  cooperación	  y	  la	  propia	  experiencia	  de	  juego.	  
	  
	  
Hemos	  observado	  también	  puntos	  negativos	  en	  la	  aplicación	  de	  la	  gamificación,	  que	  podríamos	  
resumir	  en:	  
	  
	  
• El	  mal	  uso	  del	  conductismo	  (no	  respectar	  el	  deseo	  del	  usuario),	  conduce	  a	  acostumbrar	  
al	   estudiante	   a	   responder	   solo	   con	   recompensas,	   provocando	   una	   rueda	   hedonista	  
negativa	   en	   algunos	   estudiantes.	   Así	   pues,	   para	   algunos	   (20%	   según	   los	   resultados	  
publicados	   en	   los	   papers),	   las	   recompensas	   pueden	   desmotivar.	   Creer	   que	   la	  
recompensa	   es	   la	   razón	  para	   hacer	   la	   actividad	   desvía	   al	   usuario	   de	   sus	  motivaciones	  
intrínsecas,	   de	   manera	   que	   al	   final	   se	   está	   menos	   motivado	   cuando	   era	   el	   objetivo	  
principal.	   Esta	   situación	   se	   denomina	   “efecto	   de	   la	   sobre-­‐justificación”,	   sucediendo	  
cuando	  la	  recompensa	  sustituye	  la	  motivación	  intrínseca.	  
	  
• Se	   ha	   experimentado	   que	   puede	   crearse	   un	   sistema	   de	   inflación	   en	   los	   puntos	   o	  
recompensas	   si	   no	   están	   alienados	   y	   bien	   medidos,	   especialmente	   si	   se	   dan	   para	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cualquier	   tarea	   realizada	   por	   el	   estudiante.	   Esta	   desviación	   puede	  provocar	   cansancio	  
del	  sistema	  de	  juego.	  	  
	  
• Cortoplacismo	   de	   algunas	   actividades	   y	   la	   casi	   adicción	   de	   obtener	   recompensas	  
inmediata	  para	  cualquier	  actividad	  de	  una	  parte	  de	  los	  estudiantes.	  Es	  importante	  tener	  
claro	  qué	  refuerzos	  deben	  considerarse,	  cada	  cuánto	  se	  dan	  y	  en	  qué	  cantidad.	  
	  
• Peligro	   de	   crear	   un	   sistema	   demasiado	   guiado	   o	   suavizado	   donde	   la	   dificultad	   en	   la	  
superación	  de	  obstáculos	  se	  minimiza	  y	  puede	  provocar	  una	  pérdida	  en	  algunos	  casos	  
de	  motivación	  en	  este	  caso	  intrínseca,	  así	  como	  de	  capacidades	  ligadas	  al	  esfuerzo	  y	  el	  
autoaprendizaje.	  
	  
	  
6.2 Líneas	  de	  futuro	  
	  
La	   lectura	   de	   una	   tesis	   la	   entendemos	   como	   un	   punto	   y	   seguido	   en	   el	   camino.	   Este	   punto	   y	  
seguido	  demuestra	   con	   las	   aportaciones	   presentadas	   la	   validez	   del	  método	  por	   la	   comunidad	  
científica,	  pero	  sin	  duda	  aún	  quedan	  diversas	  cuestiones	  por	  resolver	  y	  analizar	  en	  las	  tres	  áreas	  
principales	   de	   la	   investigación,	   como	   en	   algunas	   otras	   adyacentes	   por	   explorar.	   Queremos	  
plantear	  varias	   líneas	  de	   trabajo	  que	  darían	   continuidad	  a	   la	   investigación	  desarrollada	  y	  que,	  
siguiendo	   el	   esquema	   planteado,	   nos	   darían	   más	   datos	   sobre	   el	   uso	   de	   la	   gamificación	   y	   la	  
tecnología	  para	  aumentar	  la	  motivación.	  	  
	  
Las	  líneas	  de	  futuro	  se	  dividen	  en:	  
	  
	  
• Analizar	   desde	   el	   punto	   de	   visto	   metodológico	   (cualitativa	   y	   cuantitativamente),	  
elaborando	   una	   comparativa	   exhaustiva	   entre	   diferentes	   cursos	   y	   diferentes	   años,	  
visualizándose	   la	   diferencia	   entre	   el	   uso	   de	   la	  metodología	   empleada	   tradicional	   y	   la	  
aplicación	   de	   los	   casos	   de	   estudio	   de	   la	   presente	   tesis,	   y	   revisar	   si	   el	   aumento	   de	   la	  
motivación,	  en	  consecuencia	  y	  a	  lo	  largo	  de	  los	  diferentes	  cursos,	  conduce	  a	  una	  mejora	  
curricular	  del	  estudiante.	  
	  
• Aplicar	   los	   casos	   de	   estudio	   descritos	   en	   las	   publicaciones	   de	   la	   presente	   tesis	   por	  
compendio	  para	  la	  medición	  de	  las	  competencias	  emocionales.	  Actualmente	  en	  el	  grupo	  
de	   investigación	   GRETEL,	   al	   cual	   pertenece	   el	   autor,	   se	   trabaja	   intensamente	   en	   la	  
aplicación	   de	   la	   evaluación	   de	   la	   motivación	   desde	   el	   punto	   de	   las	   competencias	  
emocionales.	  En	  esta	   línea	  de	   futuro	  se	  pretende	  resolver	   la	  adquisición	  y	   la	  medición	  
de	  las	  competencias	  emocionales	  mediante	  juegos.	  Para	  conseguirlos	  se	  requiere	  aplicar	  
las	   mecánicas	   de	   juego	   para	   que	   el	   alumno,	   que	   debe	   autoevaluarse,	   no	   abandone	  
tempranamente	  el	  programa	  educativo	  en	  el	  cual	  se	  circunscribe.	  
	  
• Añadir	   otras	   tecnologías	   acordes	   a	   las	   competencias	   que	   el	   estudiante	   debe	   adquirir	  
para	  facilitar	  el	  aprendizaje.	  Además	  de	   las	  tecnologías	  empleadas	  en	   la	  presente	  tesis	  
como	   la	   RV	   o	   la	   RA,	   existen	   numerosas	   tecnologías	   que	   pueden	   aportar	   y	   ayudar	   al	  
aprendizaje	   del	   estudiante	   y	   en	   todo	   caso	   al	   aumento	   de	   la	  motivación,	   la	   cual	   parte	  
como	  elemento	  fundamental	  para	  el	  posterior	  aprendizaje.	  En	  concreto	  tecnologías	  de	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RA	   con	   interacción	   con	   objetos	   físicos	   y	   conectados	   a	   Internet,	   o	   la	   tecnología	  
denominada	  Internet	  of	  Things.	  
	  
• Relacionadas	  con	  el	  aumento	  de	   la	  motivación,	   se	  pretende	   investigar	   las	  aplicaciones	  
descritas	  en	  la	  presente	  tesis	  en	  grupos	  de	  trabajo	  diferentes	  a	  los	  estudiados.	  Así	  pues	  
estudiantes	  de	  bachillerato,	  formación	  profesional	  y	  otros	  sectores	  educativos	  de	  grado	  
serían	   los	   nuevos	   usuarios.	   Esta	   adaptación	   en	   la	   evaluación	   de	   las	   competencias	  
emocionales	   con	   juegos	   se	   pretende	   destinar	   a	   rangos	   de	   edades	   entre	   9	   y	   17	   años	  
principalmente,	   con	   lo	   cual	   la	   confección	   de	   la	   tecnología	   y	   la	   gamificación	   empleada	  
deberán	  adecuarse	  a	  este	  nuevo	  rango	  de	  edades	  que	  difieren	  a	  los	  estudiados	  en	  esta	  
tesis.	  
	  
• Al	  mismo	  tiempo,	  aplicar	   las	  metodologías	  de	  gamificación	  y	  tecnologías	  de	  RV	  y	  RA	  al	  
grado	  de	  Animación	  y	  Efectos	  Visuales	  de	  la	  Salle,	  Universidad	  Ramon	  LLull.	  Este	  nuevo	  
grado	  en	  tecnologías	  de	  visualización,	   	  tiene	  un	  perfil	  de	  usuario	  diferente	  al	  analizado	  
en	   la	   presente	   tesis,	   puesto	  que	   el	   universo	  de	  muestra	   analizado	   son	  estudiantes	   de	  
ingeniería	  y	  arquitectura;	  los	  nuevos	  usuarios/estudiantes	  están	  llamados	  a	  ser	  artistas.	  
Ese	  perfil	  artístico	  aporta	  nuevos	  retos	  y	  nuevas	  incógnitas	  a	  resolver.	  En	  este	  sentido,	  la	  
aplicación	   de	   tecnología	   TEL	   y	   gamificación	   para	   aumentar	   la	  motivación	   se	   presenta	  
como	  una	  buen	  herramientas	  para	   trabajar	   competencias	  artísticas	   y	  en	  herramientas	  
informáticas	  para	  la	  creación	  de	  contenidos	  digitales.	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Abstract—This paper describes the integration of hybrid 
interfaces in the workflow using three-dimensional models, and 
presents the results of a preliminary study based on the profile 
and the student motivation. The study is conducted with first 
year Building Engineering degree students in order to use mobile 
technologies, augmented reality (AR) and digital sketching (DS) 
in different case studies. The resources developed combine 
traditional methods with interactive visualization of building and 
civil virtual models using mobile devices to show this type of 
content with the purpose of enhancing the student’s visualization 
and their spatial skills and motivation. We have used a mixed 
method research with quantitative evaluations, and personal 
qualitative assessment. The conclusions show us a positive 
student motivation to use this technology and the preliminary 
results show us an improvement of their academic results. 
Keywords—hybrid visualization; augmented reality; spatial 
skills; student motivation; mobile learning; mixed methods.  
I.  INTRODUCTION  
In recent years, largely due to the adaptation of curricula to 
apply the rules mandated in the EHEA (European Higher 
Education Area [1]), the new technologies (IT, Information 
Technologies), have been incorporated in all educational levels 
[2]. The purpose of these teaching practices is to provide 
students with the skills and competencies outlined in their 
specific academic plans and subjects [3, 4] in a quick and with 
a high degree of autonomy way. The adaptation of contents and 
applications in this area has emerged as an interesting field of 
study to assess the degree of motivation, satisfaction and 
usability of students. For this reason, is critical to assess the 
chances of success or failure of these practices. Examples can 
be found in recent literature of studies that prove that student 
motivation is often undervalued in comparison to academic 
performance measures for evaluating educational changes [5].  
In order to avoid unsuccessful experiences and achieve 
better adjustment and comprehension of students to new 
learning systems based on interaction, collaboration, and 
practical uses of technology, evaluative processes are needed to 
find out the students’ technological proficiency and motivation 
regarding the use of IT, the usability of proposed methods and 
their level of satisfaction. With these types of assessment 
methodologies, digital fractures can be avoided, and student 
academic performance can be improved as well as their skills 
and competences [7-9]. The development of 3D spatial skills 
has been defined as a key factor in many scientific and 
technical disciplines [10, 11], as well as that spatial skills are 
directly related to academic success in science, technology or 
engineering subjects [12]. In many cases, these skills are 
developed indirectly through the use of sketching, hand-drawn 
exercises, and CAD/BIM tools (Computer Assisted Design, 
Building Information Modelling), that occurs studying topics 
such as orthographic projection or sectional views [13, 14] 
While the previous concepts are not innovations 
themselves, their integration into new experiments using visual 
technologies as VR/AR (Virtual Reality or Augmented Reality), 
and mixed research methods (for data analysis, both related 
with the users and the experiment), gives this experience a 
clearly innovative character, and with similar examples today 
[15, 16]. The use of IT in learning methods, especially at level 
of degree and master studies in the frameworks related with 
Architecture, Urban Planning and Design, or Building 
Engineering, is defined in the new academic plans. They 
explicit that the student should be able to get competencies and 
skills related with active and collaborative learning, and digital 
information management, all of them using roles and exercises 
based on projects (PBL, Project Based Learning). All of these 
methods are prepared for more quickly and effective 
capacitation of the student in front of the classic educational 
methods. For these reasons, it is necessary to propose new 
educational methods that complete the actually PBL systems, 
increasing the student motivation of the student, and directly 
their involvement and performance. 
Section 2 of this paper includes an overview of hybrid 
drawing, the use of AR in education and mixed methods 
applied to User Experience (UX). The main features of the 
methodology proposed and the structure of the experiment are 
described in Section 3. Section 4 includes the research results, 
which are discussed in the conclusions Section 6. 
II. CONTEXT DESCRIPTION 
The reduction of class time imposed by EHEA is a situation 
that demand the development of new educational process 
capable of achieving student engagement through increased 
motivation. The classic books used to learn about space and its 
representation [17, 18] are being replaced by new ways to 
explain and study models and spaces, primarily based on CAD 
or BIM applications, capable of graphically explaining the 2D 
representation (dihedral) with different 2D/3D projections, 
Boolean operations, and spatial transformations, as well as 
other artistic ideas (perspective projections, shadows, 
elevations, etc.) [19]. These applications bring users to the 
concept of Hybrid Drawing, a system allowing to increase the 
information of the graphic elements through a combination of 
digital and real elements. 
A. Hybrid Drawing 
When addressing the generation and subsequently the 
dynamic visualization of complex digital models, several 
alternatives arise depending on its origin or the methodology 
for its generation. The current trend abandons complex CAD-
generated models in favor of automatically generated models. 
These new models are built from photographs taken statically 
or dynamically, combined with aerial or terrestrial laser 
scanning, and/or simplified 3D models, usually NPR (Non-
Photorealistic Rendering), as a support for annotating and/or 
making small modifications. This is made possible through 
several protocols that coordinate and leverage the worldwide 
data available in the GML (Geography Markup Language) 
standard of the OGC (Open Geospatial Consortium) and other 
land management protocols such as LandXML [20]. In this 
boundary where CAD models are integrated with other 
graphical systems we can define the hybrid drawing methods. 
We define hybrid systems those systems composed by 
different file formats juxtaposed on a single representation 
plane while preserving its autonomy and editing capability. Its 
focus has been centered mainly on solving complex 3D model 
representation in Engineering, as well as in the fields of 
Architecture or Civil Engineering [21], where the electronic 
collage and digital sketches are the most classic examples. 
Most of these representation processes have their origin in 
photographs, drawing or photocopies that lack dimensional 
precision and consequently the resulting 3D models do not 
have the right measurements, making necessary its annotation, 
even from hand-drawn sketches, and resizing in many cases. 
Taking into account this downside, a possible solution is to use 
of a “hybrid system” such as AR that allows an interactive 
rescaling using a real image as a reference on which the 
resulting model is overlaid. 
B. Augmented Reality in Education 
AR could be defined as a hybrid visualization system that 
allows overlapping digital elements on a real image captured 
by a camera [22, 23]. The nature of the digital elements that 
can be shown is very diverse ranging from textual information 
to graphics and naturally 3D models [24]. The flexibility of 
Augmented Reality technologies has made possible the 
emergence and rapid growth of new applications and it has 
been assessed by a great number of generic educational 
experiments [25-28], and others related to different engineering 
academic areas [29-30]. Following this premise, in recent years 
some studies have begun to research how AR can be a useful 
technology in the engineering and architecture professions, 
both of which involve a high volume of visualization and 
interaction with 3D models. This technology has the capacity 
to visualize the different phases of the construction, 
management and maintenance of buildings, which facilitates 
the interpretation and understanding of basic components [31, 
32]. These experiences have demonstrated the vast potential of 
this technology, but in education AR can be considered a new 
tool, and further studies are necessary, with particular attention 
paid to the user experience, learning process and the design of 
new methods for improving the motivation and satisfaction of 
the student and their spatial skills [33, 34].  
C. Mixed Methods applied to UX 
User research techniques have been historically related with 
HCI field (Human-Computer Interaction). The task became the 
pivotal point of user-centered analysis and evaluation 
techniques (e.g. usability testing [35]). Facing the mechanical 
vision of HCI user’s research, Norman [36] popularize the term 
UX to include the feelings and meaningful aspects of user’s 
interaction with machines and services. Quantitative and 
qualitative approaches have historically been the main methods 
of scientific research. On the one hand, quantitative research 
focuses on analyzing the degree of association between 
quantified variables, therefore, this method requires induction 
to understand the results of the investigation. For these reasons, 
the different phenomena can be reduced to empirical indicators 
that represent reality, quantitative methods are considered 
objective [37, 38]. On the other hand, qualitative research 
focuses on detecting and processing intentions. Unlike 
quantitative methods, qualitative methods require deduction to 
interpret results. The qualitative approach is subjective, as it is 
assumed that reality is multifaceted and not reducible to a 
universal indicator [39]. 
Currently, a hybrid approach to experimental methodology 
has emerged that takes a more holistic view of methodological 
problems: the mixed-methods research approach. This model is 
based on a pragmatic paradigm that contemplates the 
possibility of combining quantitative and qualitative methods 
to achieve complementary results. The value of research lays 
not so much in the epistemology of the method but in its 
effectiveness [40]. The possibility to work with both types of 
information simultaneously in a single study is a great 
advantage to a research team: multidimensional outcomes 
make it much easier to propose solutions and further research 
steps in a given field of study. As has been demonstrated in 
previous studies [41, 42], this method is “usefulness” as a 
dynamic system for capturing information related to students’ 
experiences with technological elements in education, and for 
this reason we will use it in our study with engineering 
students. 
III. METHODOLOGY 
This paper follows and develops previous works [15, 32, 
42], were students in the Architecture Degree were the subject 
of study. The basic objective of the current project is to observe 
potential differences between students from different degrees 
(Architecture and Engineering), in order to identify possible 
differences between the technological profile of the students as 
well as their level of motivation to use AR systems and mobile 
technologies in the classroom. The study is being performed 
during the 2013-2014 academic year with students in their first 
year of Building Engineering degree. The experimental 
framework will be completed in the course of “Informatics 
Tools I” a six-ECTS-credit courses (European Credit Transfer 
System), that are taught semi-annually. The structure of the 
subject is: 4 h of lectures, spread over 2 weekly sessions of 2 h 
each, and an additional 3 h of practical sessions. The students 
also have weekly 1 h personal tutorials to address their doubts 
and solve practical problems.  
The basic objective of the subject is to provide students 
with basic skills in complex modelling interpretation and 
reproduction in both 2D and 3D. The secondary objective is to 
enable students to represent 3D models with different 
technologies and applications, as well as to explore methods of 
interactive visualization, primarily through the publication of 
personal blogs and the display of models with AR at the end of 
the course. The main technologies and systems used are: 
AutoCAD® for 2D drawing and 3D basic drawing, personal 
Blog updating with 2D and 3D files, basic 3D interaction using 
DWFx (private format of Autodesk® to export 3D models to 
web), or PDF3D, and AR visualization using AR-Media®.  To 
achieve the most optimal integration of the student, the course 
start at a basic level in all concepts to allow the representation 
of any type of 3D complex models, based on the requirements 
of building engineering contents and representations, 
architectural and civil engineering analysis, and the 
fundamentals of the projects required along the full degree 
program. A total of 54 students participated in the study (30 
females and 24 males, mean age = 19.31 years, standard 
deviation (SD) = 2.01). 
A. Pre-Test: Student Profile and Motivation assessment 
Based on the theoretical study, we designed an initial test, 
focused on evaluating the IT and motivational profile of the 
students. In the test design, to model the response of 
implementing new technologies in university teaching 
resources, there are prominent surveys, based on user profile, 
which focuses on the efficiency and effectiveness of the course, 
and on the level of satisfaction and student preferences. [43]. 
The most common parameters to evaluate using a profile user 
test are the degree of knowledge of new technologies, the use 
made of social networks, computer known applications, and 
knowledge of the theoretical content of the course under the 
program. For example, Figure 1 shows us the results of the 
technological devices that the students possess. These results 
will help us to select the devices and systems to use and control 
in our experiments, in particular because they are the most 
popular among the students (an example of full Pre-Test is in 
[44]). 
B. Post-Test: Quantitative usability assessment 
A common mistake is to simplify these studies to the 
concept of “usability”. We could understand it as the 
interaction of a physical or virtual device with a user and his 
basic human capabilities [45]. These processes require defining 
methods, metrics, processes and tools to measure how to fit 
each experiment.  
 
 
Fig. 1. Student technologies 
In the educational framework of civil and building 
engineering, it is not usual the use of this type of test. For this 
reason we need to clarify the main questions to evaluate, that in 
our case are the questions directly related with the new 
teaching methodology using AR and mobile devices and its 
adaptation to the students (taking into account their particular 
profile), not the application or technology itself. The ISO 9241-
11 standard defines the concept of usability as the 
measurement of the capability of products ‘users for working 
efficiently in an enjoyable way. Bevan [46, 47] according to 
the ISO standard, defines usability’s components: 
Effectiveness (E1): a product is effective according to the 
accuracy degree of performed tasks and the accomplishments 
of the aims it has been designed to fulfil; Efficiency (E2): a 
product is efficient according to the speed of the tasks 
performed and Satisfaction (S1): it’s the user’s freedom for 
showing his agreement or disagreement with product’s use as 
well as his attitudes towards it. The usability questionnaire (see 
Table 1, in Results Section) have been designed aiming to 
collect data referred to these components taking Nielsen´s 
Heuristic Evaluation & Nielsen´s Attributes of Usability [48], 
Perceived Usefulness and Ease of Use [49], and Usability 
Satisfaction Questionnaires [50], as a references and using a 
five points (1-5) Likert’s scale.  
C. Qualitative student assessment. Bipolar Laddering (BLA)  
Qualitative methods are commonly employed in usability 
studies and, inspired by experimental psychology and the 
hypothetical-deductive paradigm, employ samples of users 
who are relatively limited. Nevertheless, the Socratic paradigm 
from postmodern psychology is also applicable and useful in 
these studies of usability because it targets details related to the 
UX with high reliability and uncovers subtle information about 
the product or technology studied. This psychological model 
defends the subjective treatment of the user, unlike the 
objective hypothetical-deductive model. Starting from Socratic 
paradigm basis, the BLA system (Bipolar Laddering) has been 
designed.  
BLA method could be defined as a psychological 
exploration technique, which points out the key factors of user 
experience. The main goal of this system is to ascertain which 
concrete characteristic of the product entails users’ frustration, 
confidence or gratitude (between many others). BLA method 
works on positive and negative poles to define the strengths 
and weaknesses of the product. The object of a laddering 
interview is to uncover how product attributes, usage 
consequences, and personal values are linked in a person’s 
mind. BLA performing consists in three steps: Elicitation of the 
elements, marking of elements, elements definition [51].  
IV. RESULTS AND DISCUSSION 
The teaching methodology based on testing the student 
technological profile and the possibility of using mobile 
devices and augmented visualization in the classroom has been 
progressively introduced in the last three academic years. 
Throughout these control years, the most interesting data that 
we have collected from the Pre-Test (Fig. 1) are: 
 A clear “concentration” of technologies in complex 
devices is taking place, especially regarding those 
whose functions has been incorporated into mobile 
devices (such as cameras, audio and video playing 
capabilities).  
 The use of desktop computers has been greatly 
reduced, while the level of students that have a laptop 
computer hovers around 100%.  
 A significant increase in the number of students with 
mobile devices is identified, of whom almost everyone 
has a smartphone, and reaching almost 50% the 
percentage of those who have a tablet.  
These results illustrate the fact that the students are familiar 
with IT, and with a high degree of motivation to use them in 
their studies: 
 Students positively valued (sum of “5-strongly agree” 
and “4-agree” ratings) the integration of IT 
technologies in the course, as they perceived they 
could help them in the representation of complex 
elements both in 2D and 3D.  
 A percentage of about 25% of students stand in a 
neutral opinion (“3-neutral” answer in the Likert 
scale), especially in questions related to technologies 
hitherto unknown to them or that have not yet used in a 
learning environment such as AR, social networks or 
mobile devices.  
 The use of mobile technologies and the help these can 
supply in getting a passing grade score the lowest rates 
of negative perception (“2-disagree” and “1-strongly 
disagree”) with about 25% of the responses.  
However, the initial perception of the polled students is that 
they feel able (have the necessary technology and user level 
experience), and are highly motivated (with rates close to 85%) 
for advanced and educational uses of the technologies, because 
of they are already very familiar with. 
 
Fig. 2. Motivation comparition before and after the experiment. 
Once the practical classes were finished, the students were 
asked to answer the post-test survey. The objective of this 
survey was to re-assess the motivation of the student regarding 
his/her perceived usability of the technologies used. To get this 
information, the concepts related to the motivations previously 
studied in the pre-test were asked again. Fig. 2 shows the 
comparison of the results for these questions, before and after 
the classroom practice. 
The general student motivation in the use of IT in the 
classroom has increased significantly, from 80% to 95%. 
Likewise, after the experience the students consider that: 
 The use of mobile technologies is satisfactory (with an 
increase of 15% on positive ratings) 
 IT allows to significantly improve the presentation of 
their 2D and 3D models (in this case with an increase 
of 50% over the initial rating).  
 The use of social platforms (blogs, Facebook) for the 
dissemination of their work is rated as neutral and has 
the greatest decline in positive ratings. 
 The perceived usefulness of RA is strengthened, 
especially when it is compared to the work motivation 
using traditional 2D representation, which is one of the 
areas that suffers a greatest decline in positive ratings 
(decreasing around 20%).  
V. CONCLUSIONS 
Table 1 shows the students’ main perceptions, including 
their evaluation of the course material, the proposed 
methodology, perceived usefulness, and level of satisfaction. 
The average responses related to effectiveness (E1), efficiency 
(E2), and satisfaction (S1) are very similar to previous studies 
realized in other frameworks [15, 33]. This preliminary results 
allow us to state a priori a positive result of our teaching 
proposal, hypothesis currently under study and that can only be 
confirmed by the analysis of the BLA data, currently in the 
process of being collected. The first data of BLA results 
highlight the need of the student form more time: to explain, to 
practice, and in general to work with AR.   
TABLE I.  POST-TEST USABILITY VALUES STUDIED (MAX: 5 – MIN:1) 
VARIABLES   
Material/Contents Av. SD 
(E1) The material of the lecture has a good presentation 4.53 1.32 
(E1) The structure of the sessions/exercises are appropiate 3.92 0.98 
(E1) It is easy to manipulate the exercises porposed 3.67 1.21 
(E1) Models are suitable to manipulate virtual elements 4.01 0.97 
(E2) The number of exercises are related with time proposed 3.55 1.53 
(E2) It have been possible to solve the exercises presented 4.58 0.64 
(S1) Theoric classes are sufficient to know how to proceed  3.35 1.25 
Application of AR technology   
(E2) The application of AR has been stable (no crashes) 3.47 1.43 
(E2) Familiarity with the gestures has been easy 4.35 0.89 
(E2) No delay in the visualization/manipulation of  models 4.25 1.35 
(S1) Level of definition of 3D virtual models 4.18 1.21 
(S1) AR rating about improving 3D complex models 3.87 0.99 
(S1) Viewing 3D models with AR applications 4.48 1.58 
(S1) Rating about how AR work with 3D complex models 3.99 1.05 
(S1) Rating about usability of AR syst. and methodologies 3.85 1.29 
  
On the other hand, a final scale that is important to be 
considered in the study to provide clear information about the 
usefulness of the proposed methodology is the curriculum 
evaluation by the students. As can be observed (Fig. 3), the 
introduction of the Bologna system in the degree of 
Construction Engineering resulted in a decline in academic 
performance on the subject taught by our team, specifically in 
the 3D phase where students work with complex models. We 
can blame this decrease (clearly noticeable in the 2010-11 and 
2011-12 academic years) to the lack of adaptation of the 
contents and the pace of the classes to the new framework. 
With the proposed new hybrid methodology discussed in 
this paper, in the last two years a positive trend can be 
observed, specifically in the most recent academic year. The 
results support both the working methodology proposed and 
the evaluation system developed. Not only the student feels 
more confident using mobile technology but also his or her 
greater motivation leads to more time spent working on 
assigned tasks. Although this time was previously considered 
as a negative aspect (excess time equals overwork, and 
therefore was valued negatively), according to the preliminary 
results of BLA should be considered positive. One of the most 
common responses and with a greater amount of citations 
regarding BLA is precisely the lack of time primarily in the use 
of AR, technology and the way to proceed that the students 
consider useful, enjoyable and befitting to the visualization 
requirements in their studies.  
 
Fig. 3. 3D grades (both practices and exam). 
These comments, not only validate BLA as a qualitative 
method of study, but confirm the mixed approach as a more 
reliable system than a simple quantitative study, since it allows 
to clarify the results of usability surveys. In conclusion, and 
waiting for a complete review of both BLA analysis process 
and the second half of the course (with more quantitative and 
qualitative assessments), we can claim that the proposed 
evaluation method is consistent and has allowed the authors to 
prove that they are motivated to use mobile technologies as a 
support for teaching activities. Moreover, a direct link is 
established that allows to affirm that its use improves the level 
of motivation of students, which directly leads to improved 
academic performance. 
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Abstract—This paper describes the evolution and integration 
of hybrid interfaces in the visualization of three-dimensional 
models, and presents the results of a preliminary profile and 
motivation study conducted with Building Engineering students 
to incorporate the augmented reality technology in different case 
studies. The resources developed combine traditional methods 
with interactive and mobile systems to present this type of 
content with the purpose of enhancing the student’s visualization 
and spatial analysis skills and their motivation. We have used a 
mixed method research with quantitative and qualitative 
evaluations to further strengthen the results. In general, the 
student motivation to use this technology at classroom is positive 
and the preliminary results show us an improvement of their 
academic results, a confirmation of the adequacy of the method. 
Keywords—hybrid visualization; augmented reality; spatial 
skills; student motivation; mobile learning; mixed methods.  
I.  INTRODUCTION (Heading 1) 
In the last decade, largely due to the adaptation of curricula 
to apply the rules mandated in the EHEA (European Higher 
Education Area [1]), all kinds of new technologies (commonly 
cited as IT, Information Technologies) have been incorporated 
in the classroom [2]. The purpose of these teaching practices is 
to provide students with the skills and competencies outlined in 
the academic plans and specific courses in each grade [3, 4] 
quickly and with a high degree of autonomy.   
The inclusion of all kinds of technologies in the classroom 
is an indisputable fact, but it cannot be said the same about the 
evaluative processes to assess the chances of success or failure 
of these practices. Examples can be found in recent literature of 
studies that prove that student motivation is often undervalued 
in comparison to academic performance measures for 
evaluating educational changes [5]. In order to avoid 
unsuccessful experiences and achieve better adjustment of 
students to new learning systems based on interaction and 
practical uses of technology, evaluative processes are needed to 
find out their technological proficiency and motivation 
regarding the use of IT in an initial phase and, in the final 
stage, the usability of proposed methods and their level of 
satisfaction. With this methodology digital fractures (which in 
many cases can be caused by something as simple as proposing 
a method without taking into account whether or not the 
student will be able to use it) can be avoided, and student 
academic performance can be improved as well as their skills  
[7-9]. 
Focused in the engineering educational framework, the 
development of 3D spatial skills has been previously confirmed 
as a key factor in many scientific and technical disciplines [10], 
as well as that proper spatial skills are directly related to 
academic success in science, technology or engineering 
subjects [11-13]. In many cases, these skills are developed 
indirectly, through the use of sketching, hand-drawn exercises, 
and CAD tools (Computer Assisted Design), that occurs when 
studying topics such as orthographic projection or sectional 
views [14,15]. While the main ideas mentioned above are not 
innovations themselves, their integration into new experiments 
using AR (Augmented Reality technologies), and mixed 
research methods (for the evaluation and analysis of the data, 
both related with the users and the experiment), gives this 
experience a clearly innovative character, and with similar 
examples today [16-19]. In addition, the more innovative ideas 
of the experiment are that the design of the study focuses on 
the university level, specifically the Building Engineering 
degree, where spatial comprehension is critical, and where IT 
elements are very helpful. Also, with this type of work the 
engineering students are trained in one basic skill for their 
future developments and projects such as the usability of the 
product. For these reasons, both methods, the quantitative and 
qualitative questionnaires, were designed following basic rules 
of usability projects and research. 
II. CONTEXT DESCRIPTION 
A. Hybrid Drawing 
One of the first issues teachers noticed with EHEA 
implementation is the reduction of class time while keeping the 
educational content. This situation demanded the development 
of new educational devices capable of achieving student 
engagement through increased motivation. 
 Fig. 1. Vector/Raster photo-composition examples (student practices 
recopilation, E. Redondo) 
The books of yesteryear used to learn about space and its 
representation [20, 21] are being replaced by new ways to 
explain and study models and spaces, primarily based on CAD 
/ BIM (Building Information Modelling) software, capable of 
graphically explaining the 2D representation (dihedral) with 
different 2D/3D projections, Boolean operations, and spatial 
transformations, as well as other artistic ideas (perspective 
projections, shadows, elevations, etc.) [22]. 
When addressing the generation and subsequently the 
dynamic visualization of complex digital models, several 
alternatives arise depending on its origin or the methodology 
for its generation. The current trend abandons complex CAD-
generated models in favor of automatically generated models. 
These new models are built from photographs taken statically 
or dynamically, combined with aerial or terrestrial laser 
scanning, and/or simplified 3D models, usually NPR (Non-
Photorealistic Rendering), as a support for annotating and/or 
making small modifications. This is made possible through 
several protocols that coordinate and leverage the worldwide 
data available in the GML (Geography Markup Language) 
standard of the OGC (Open Geospatial Consortium) and other 
land management protocols such as LandXML [23]. In this 
boundary where CAD models are integrated with other 
graphical systems we can define the hybrid drawing methods. 
We define hybrid systems those systems composed by 
different file formats juxtaposed on a single representation 
plane while preserving its autonomy and editing capability. Its 
focus has been centered mainly on solving complex 3D model 
representation in Engineering, as well as in the fields of 
Architecture or Civil Engineering [21, 25], where the electronic 
collage (Fig. 1) and digital sketches (Fig. 2) are the most 
classic examples. Most of these representation processes have 
their origin in photographs, drawing or photocopies that lack 
dimensional precision and consequently the resulting 3D 
models do not have the right measurements, making necessary 
its annotation, even from hand-drawn sketches [26], and 
resizing in many cases [27]. Taking into account this downside, 
a possible solution is to use of a “hybrid system” such as AR 
that allows an interactive rescaling using a real image as a 
reference on which the resulting model is overlaid. 
 
Fig. 2. Digital ideas and sketches in Ipad (E. Redondo) 
B. Augmented Reality in Education 
AR could be defined as a hybrid visualization system that 
allows overlapping digital elements on a real image captured 
by a camera [28, 29]. The nature of the digital elements that 
can be shown is very diverse ranging from textual information 
to graphics and naturally 3D models [30]. The flexibility of 
Augmented Reality technologies has made possible the 
emergence and rapid growth of new applications and it has 
been assessed by a great number of generic educational 
experiments [31-36], and others related to different engineering 
academic areas [37-40]. Following this premise, in recent years 
some studies have begun to research how AR can be a useful 
technology in the engineering and architecture professions, 
both of which involve a high volume of visualization and 
interaction with 3D models. This technology has the capacity 
to visualize the different phases of the construction, 
management and maintenance of buildings, which facilitates 
the interpretation and understanding of basic components [41, 
42] 
These experiences have demonstrated the vast potential of 
this technology, but in education AR can be considered a new 
tool, and further studies are necessary, with particular attention 
paid to the user experience, learning process and the design of 
new methods for improving the motivation and satisfaction of 
the student and their spatial skills [43, 44].  
 
Fig. 3. Examples of previous experieces (E. Redondo, D. Fonseca) 
C. Mixed Methods applied to User Experience (UX)  
User research techniques have been historically related with 
HCI field (Human-Computer Interaction). The user 
approaching in this discipline is mainly focused on the study of 
behavioral goals in work settings. In consequence, the task 
became the pivotal point of user-centered analysis and 
evaluation techniques (e.g. usability testing [45]). Facing the 
mechanical vision of HCI user’s research, Norman [46] 
popularize the term UX to include the feelings and meaningful 
aspects of user’s interaction with machines and services.  
Quantitative and qualitative approaches have historically 
been the main methods of scientific research. On the one hand, 
quantitative research focuses on analyzing the degree of 
association between quantified variables, therefore, this method 
requires induction to understand the results of the investigation. 
For these reasons, the different phenomena can be reduced to 
empirical indicators that represent reality, quantitative methods 
are considered objective [47, 48]. On the other hand, 
qualitative research focuses on detecting and processing 
intentions. Unlike quantitative methods, qualitative methods 
require deduction to interpret results. The qualitative approach 
is subjective, as it is assumed that reality is multifaceted and 
not reducible to a universal indicator [49]. 
Currently, a hybrid approach to experimental methodology 
has emerged that takes a more holistic view of methodological 
problems: the mixed-methods research approach. This model is 
based on a pragmatic paradigm that contemplates the 
possibility of combining quantitative and qualitative methods 
to achieve complementary results. The value of research lays 
not so much in the epistemology of the method but in its 
effectiveness [50].  
Qualitative methods have been traditionally linked to the 
social sciences because of their association with human factors, 
although the mixed approach proposes integration of 
quantitative and qualitative approaches with the goal of 
facilitating the interpretation of experimental results. This 
combination of quantitative and qualitative experimental 
designs leads to a wider variety of results when dealing with 
human factors that include both numerical results and the basis 
for these results.  
The possibility to work with both types of information 
simultaneously in a single study is a great advantage to a 
research team: multidimensional outcomes make it much easier 
to propose solutions and further research steps in a given field 
of study. As has been demonstrated in previous studies [51, 
52], this method is usefulness as a dynamic system for 
capturing information related to students’ experiences with 
technological elements in education, and for this reason we will 
use it in our study with engineering students. 
III. REDESIGNING THE COURSES 
This paper follows and develops previous works [18, 27, 
42, 51, 52], were students in the Architecture Degree were the 
subject of study. The basic objective of the current project is to 
observe potential differences between students from different 
degrees (Architecture and Engineering), in order to identify 
possible differences between the technological profile of the 
students as well as their level of motivation to use mobile 
technologies in the classroom. 
The project is modeled by the “Group of Research on 
Technology Enhanced Learning, GRETEL” of La Salle 
Campus Barcelona, Ramon Llull University. The study is being 
performed during the 2013-2014 academic year with students 
in their first year of Building Engineering degree. The 
experimental framework will be completed in the courses 
“Informatics Tools I & II” a six-ECTS-credit courses 
(European Credit Transfer System), that are taught semi-
annually (I in the first semester and II in the second).  
The both courses consists of 4 h of lectures, spread over 2 
weekly sessions of 2 h each, and an additional 3 h of practical 
sessions. The students also have weekly 1 h personal tutorials 
to address their doubts and solve practical problems. The basic 
objective of the courses are to provide students with basic skills 
in complex modelling interpretation and reproduction in both 
2D and 3D. The secondary objective of the courses is to enable 
students to represent 3D models with different technologies 
and applications, as well as to explore methods of interactive 
visualization, primarily through the publication of personal 
blogs and the display of models with AR at the end of the 
course. The main topics of the subjects are: 
• “Informatics Tools I”: 2D drawing, 3D basic drawing, 
personal Blog updating with 2D and 3D files, basic 3D 
interaction using DWFx files (native 3D interactive 
format using AutoCAD®), and AR visualization using 
AR-Media®.   
• “Informatics Tools II”: 3D complex drawing using 
Revit®, Photoshop® and Illustrator® for panel 
composition, 3DMax® for illumination, apply textures 
& materials, and finally advanced visualization with 
AR and VR (Virtual Reality) using Lumion® (for 
render), Sketchfab (for uploading the models to 
Internet), and Unity® (for AR and VR displaying). 
To achieve the most optimal integration of the student, the 
both courses start at a basic level in all concepts to allow the 
representation of any type of 3D complex models, based on the 
requirements of building engineering contents and 
representations, architectural and civil engineering analysis, 
and the fundamentals of the projects required during the first 
two years of the degree program.  
Along the first subject, the methodological proposal focuses 
on both traditional and new techniques for enabling the 
publication and interactive visualization of 2D/3D models. 
During the second subject, the proposal focuses on the 
interaction and use of different applications to improve the 3D 
interactive presentation of complex models. A total of 35 
students participated in the study (17 females and 18 males, 
mean age = 19.31 years, standard deviation (SD) = 2.01). 
 Fig. 4. Basic description of phases and student evaluation proposed. 
TABLE I.  SIMPLIFIED SAMPLE OF USER PROFILE TEST 
NEW TECHNOLOGIES 
            How much interest do you have for the computers and IT in general?  
  
  Nothing   Little   Something   Quite   Much 
            What technologies are you using from the list below? 
            
  
  Mobile   Cam   MP3-MP4   Computer 
              
  
  Ladtop   Console   Smartphone   Tablet 
              … 
           INTERNET, SOCIAL NETWORK AND OTHER TOOLS 
            Which device you use to connect to Internet? 
            
  
  Mobile   Ladtop   PC   Smartph.   Tablet 
            Which services from Internet you usually usually use? 
            
  
  E-mail   Chats   Browser   Games   
             
  
 Architecture  Blogs  Sports  News  Others 
            Do you use social networks?  
            Which Social Network applications you use? 
            
  
  Facebook   Twitter   Tuenti   Linkedin   
             
  
 MySpace  Hi5  Orkut  Other 
 
 
            Indicates the following values: 0-none. 1-low, 2-medium, 3-high 
            
  
  AutoCAD   REVIT   MicroSt   Rhino 
              
  
 MAX  M Design  SketchUP  Adobe 
              Do you have computer or ladtop? Brand:       Model:  
                                 Which software you use to work and exhibit projects at school? 
            
  
  AutoCAD   REVIT   
 
  
               
  
 MAX  M Design  SketchUP  
               
  
 Ilustrator  Rhino 
 
PhotoShop 
 
 
              Do you have mobile phone?  Brand:      Model: 
                        Which options you use in your mobile phone? 
            
  
  Internet   SMS   MMS   APPS 
              
  
 Music  Videos  Cam  Other 
              AUGMENTED REALITY 
            Do you know ahat is Augmented Reality?  
                         Do you think the AR will be complicated in its implementation? 
            Do you think that the RA technologies may be a limitation for the final user? 
Do you think that AR can help you in defining a project? 
A. Pre-Test: Student Profile and Motivation assessment 
Based on the theoretical study, we designed two tests, with 
the first focusing on evaluating the IT and motivational profile 
of the student and the second one designed to assess the 
implementation of AR technology in building engineering 
education. In Table 1, we can see a simplified model of the test. 
In the survey design, to model the response of 
implementing new technologies in university teaching 
resources, there are prominent surveys, based on user profile, 
which focuses on the efficiency and effectiveness of the course, 
and on the level of satisfaction and student preferences. [53]. 
The most common parameters that we must consider in 
evaluating a new approach in teaching technology are the 
degree of knowledge of new technologies, the use made of 
social networks, computer known applications, and knowledge 
of the theoretical content of the course under the program. In 
our case we have focused on the application of augmented 
reality to improve teaching, the work is documented in all 
applications and modes of implementation. [43, 54, 55]. 
B. Post-Test: Quantitative usability assessment 
 
A common mistake is to simplify these studies to the 
concept of “usability”. We could understand it as the 
interaction of a physical or virtual device with a user and his 
basic human capabilities [56]. Therefore, we can state the 
difficulty in establishing proper ways and adapt the study to 
test, measure, evaluate and compare measurable results that 
depend on the user experience. These processes require 
defining methods, metrics, processes and tools to measure how 
to fit each experiment. In the teaching framework, the type of 
test to use is usually the main objective to determine usability 
of new learning processes of the training project. This approach 
means that the type of questions should be directed to the 
teaching methodology and not the project itself, since the 
project evaluation is carried out with specific questionnaires 
related to it.  
The ISO 9241-11 standard provides the directives related to 
the usability of a product and that’s what has been taken as a 
model for this work. This standard defines the concept of 
usability as the measurement of the capability of products 
‘users for working efficiently in an enjoyable way. Bevan [57, 
58] according to the ISO standard, defines usability’s 
components: Effectiveness (E1): a product is effective 
according to the accuracy degree of performed tasks and the 
accomplishments of the aims it has been designed to fulfil; 
Efficiency (E2): a product is efficient according to the speed of 
the tasks performed and Satisfaction (S1): it’s the user’s 
freedom for showing his agreement or disagreement with 
product’s use as well as his attitudes towards it. 
The usability questionnaire (see Table 3, in Results 
Section) have been designed aiming to collect data referred to 
these components taking Nielsen´s Heuristic Evaluation & 
Nielsen´s Attributes of Usability [59], Perceived Usefulness 
and Ease of Use [60], and Usability Satisfaction Questionnaires 
[61] as a references. The questions have been created using a 
Likert’s scale (Table 2). 
TABLE II.  LIKERT SCALE. 
Value Response 
1 Strongly disagree 
2 Disagree 
3 Neutral 
4 Agree 
5 Strongly agree 
 
C. Qualitative student assessment. Bipolar Laddering (BLA)  
Qualitative methods are commonly employed in usability 
studies and, inspired by experimental psychology and the 
hypothetical-deductive paradigm, employ samples of users 
who are relatively limited. Nevertheless, the Socratic paradigm 
from postmodern psychology is also applicable and useful in 
these studies of usability because it targets details related to the 
UX with high reliability and uncovers subtle information about 
the product or technology studied [62].  
This psychological model defends the subjective treatment 
of the user, unlike the objective hypothetical-deductive model 
[63]. Starting from Socratic paradigm basis, the BLA system 
(Bipolar Laddering) has been designed. BLA method could be 
defined as a psychological exploration technique, which points 
out the key factors of user experience. The main goal of this 
system is to ascertain which concrete characteristic of the 
product entails users’ frustration, confidence or gratitude 
(between many others).  
BLA method works on positive and negative poles to 
define the strengths and weaknesses of the product. Once the 
element is obtained the laddering technique is going to be 
applied to define the relevant details of the product. The object 
of a laddering interview is to uncover how product attributes, 
usage consequences, and personal values are linked in a 
person’s mind. BLA performing consists in three steps: 
Elicitation of the elements, marking of elements, elements 
definition.  
IV. RESULTS AND DISCUSSION 
The system describe has been progressively introduced in 
the last three academic years. We can highlight the following 
results regarding the first control point (user profile and student 
motivation test) as can be seen in Fig. 5: 
• A clear “concentration” of technologies in complex devices 
is taking place, especially regarding those whose functions 
has been incorporated into mobile devices such as 
cameras, audio and video playing capabilities. 
• The use of desktop computers has been greatly reduced, 
while the level of students that have a laptop computer 
hovers around 100%. 
• A significant increase in the number of students with 
mobile devices is identified, of whom almost everyone has 
a smartphone, and reaching almost 50% the percentage of 
those who have a tablet. This increase is directly related to 
the increment of the use of mobile devices for all kinds of 
purposes (Fig. 6). 
In addition to a range of additional data about the use of 
computers and mobile devices that tend to confirm our IT 
students familiarity and adaptation regarding these devices 
(frequency of use, place of connection to the Internet, most 
used services, etc…), they were also asked about their 
motivation and their initial perception about the use of different 
technologies and the impact they expect will have in their 
studies and practices. 
 
Fig. 5. Student technologies 
 
Fig. 6. Common mobile uses. 
As shown in Fig. 7, students positively valued (sum of “5-
strongly agree” and “4-agree” ratings) the integration of IT 
technologies in the course, as they perceived they could help 
them in the representation of complex elements both in 2D and 
3D. A percentage of about 20% of students stand in a neutral 
opinion (“3-neutral” answer in the Likert scale), especially in 
questions related to technologies hitherto unknown to them or 
that have not yet used in a learning environment such as AR, 
social networks or mobile devices. Precisely the use of mobile 
technologies and the help these can supply in getting a passing 
grade score the lowest rates of negative perception (“2-
disagree” and “1-strongly disagree”) with about 25% of the 
responses. However, and based on the results obtained, the 
initial perception of the polled students is that they feel able 
(have the necessary technology and user level experience), and 
are highly motivated (with rates close to 85%) for advanced 
and educational uses of the technologies they are already very 
familiar with. 
 Fig. 7. Student Motivation and Perception of some previous concepts. 
Once the practical classes were finished, the students were 
asked to answer the post-test survey explained in Fig. 4. The 
objective of this survey was to re-assess the motivation of the 
student regarding his or her perceived usability of the 
technologies used. To get this information, in addition to the 
variables described in Table 2, the concepts related to the 
motivations previously studied in the pre-test were asked again. 
Fig. 8 shows the comparison of the results for these questions, 
before and after the classroom practice. 
As can be seen from the graphics in Fig. 8, the general 
student motivation in the use of IT in the classroom has 
increased significantly, from 85.7% to 94.1%. Likewise, after 
the experience the students consider that the use of mobile 
technologies is satisfactory (with an increase of 10% on 
positive ratings) and allows to significantly improve the 
presentation of their 2D and 3D models (in this case with an 
increase of 40% over the initial rating). The use of social 
platforms (blogs, Facebook) for the dissemination of their work 
is rated as neutral and has the greatest decline in positive 
ratings. Finally, the perceived usefulness of RA is 
strengthened, especially when it is compared to the work 
motivation using traditional 2D representation, which is one of 
the areas that suffers a greatest decline in positive ratings 
(decreasing around 24%). Table 3 shows the students’ main 
perceptions, including their evaluation of the course material, 
the proposed methodology, perceived usefulness, and level of 
satisfaction. The average responses related to effectiveness 
(E1), efficiency (E2), and satisfaction (S1) are very similar to 
previous studies realized in other frameworks [18, 27, 42]. This 
preliminary results allow us to state a priori a positive result of 
our teaching proposal, hypothesis currently under study and 
that can only be confirmed by the analysis of the BLA data, 
currently in the process of being collected. 
V. CONCLUSIONS 
A final scale that is important to be considered in the study 
to provide clear information about the usefulness of the 
proposed methodology is the curriculum evaluation by the 
students. Fig. 9 shows a comparison of the grades obtained 
during the last six years related with 3D phase.  
 
 
Fig. 8. Motivation comparition before and after the experiment. 
TABLE III.  POST-TEST USABILITY VALUES STUDIED 
VARIABLES   
Material/Contents Av. SD 
(E1) The material of the lecture has a good presentation 4.14 0.96 
(E1) The structure of the sessions/exercises are appropiate 3.76 0.78 
(E1) It is easy to manipulate the exercises porposed 3.44 1.11 
(E1) Models scale are suitable to manipulate virtual 
elements 
3.53 1.02 
(E2) The number of exercises are related with time proposed 3.79 1.01 
(E2) It have been possible to solve the exercises presented 4.21 0.98 
(S1) Theoric classes are sufficient to know how to proceed  3.79 1.09 
Application of AR technology   
(E2) The application of AR has been stable (no crashes) 3.50 1.29 
(E2) Familiarity with the gestures and manipulate virtual 
objects has been easy 
3.68 1.04 
(E2) No delay in the visualization/manipulation of  models 3.44 0.99 
(S1) Level of definition of 3D virtual models 3.74 0.86 
(S1) Overall AR rating about useful to improve 
presentations of  3D complex models 
3.53 0.93 
(S1) Rating about the experiment: viewing 3D models with 
AR applications 
4.21 0.91 
(S1) Rating about how AR work with 3D complex models 4.14 0.88 
(S1) Rating about usability of AR syst. and methodologies 3.79 0.98 
 
 As can be observed, the introduction of the Bologna system 
in the degree of Construction Engineering resulted in a decline 
in academic performance on the subject taught by our team, 
specifically in the 3D phase where students work with complex 
models. We can blame this decrease (clearly noticeable in the 
2010-11 and 2011-12 academic years) to the lack of adaptation 
of the contents and the pace of the classes to the new 
framework. With the proposed new hybrid methodology 
discussed in this paper, added to a more accurate assessment of 
the student, in the last two years a positive trend can be 
observed, specifically in the most recent academic year. While 
not conclusive, the results support both the working 
methodology proposed and the evaluation system developed. 
 Fig. 9. 3D grades (both practices and exam). 
Not only the student feels more confident using mobile 
technology but also his or her greater motivation leads to more 
time spent working on assigned tasks. Although this time was 
previously considered as a negative aspect (excess time equals 
overwork, and therefore was valued negatively), according to 
the preliminary results of BLA should be considered positive. 
That is, now the student does not complain about the excess 
time invested in the practice, but about the lack of time the 
student would like to spend improving his or her projects. One 
of the most common responses and with a greater amount of 
citations regarding BLA is precisely the lack of time primarily 
in the use of AR, technology and the way to proceed that the 
students consider useful, enjoyable and befitting to the 
visualization requirements in their studies. These comments, 
not only validate BLA as a qualitative method of study, but 
confirm the mixed approach as a more reliable system than a 
simple quantitative study, since it allows to clarify the results 
of usability surveys. 
In conclusion, and waiting for a complete review of both 
BLA analysis process and the second half of the course (with 
more quantitative and qualitative assessments), we can claim 
that the proposed evaluation method is consistent and has 
allowed the authors to prove that the students in the 
Construction Engineering degree are motivated to use mobile 
technologies as a support for teaching activities. Moreover, a 
direct link is established that allows to affirm that its use 
improves the level of motivation of students, which directly 
leads to improved academic performance. 
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Abstract 
Migration to new visualization techniques is a trend that allows for a better spatial understanding. In order to evaluate the 
resilience ability of first-year students of Spanish architecture degree, we have compared two learning methodologies: the 
traditional generation of printed plans, and the generation of interactive 3D models using new systems of publication and 
interaction. The main objective of the study is to evaluate the new methodology that assumes that the use of friendly technology 
in the classroom makes it much easier and satisfying for students to follow the subjects, allowing better acquisition of the skills 
they are learning. 
© 2012 Published by Elsevier Ltd. Selection and peer review under the responsibility of Prof. Dr. Ferhan Odabaşı  
Keywords: New learning environments; evaluation of student satisfaction; collaborative learning; educational technology. 
1. Introduction 
Currently, the use of new technologies in education is an influential and rapidly evolving factor that can be found 
from the first cycle of primary schooling all the way through to the later stages of university education. Most of the 
systems that have been developed have proceeded from the initial assumptions that they allow a greater ease of 
learning and monitoring of content by students and a better school performance based on the academic results 
(typical assumption and classical error of usability studies). On the other hand, we think it is true to say that neither 
of these assumptions is based on usability and satisfaction studies previously performed in order to adjust, and 
change the technology and content according to the profile of the student or the specific needs of each subject. 
 For these reasons, this article, which describes the results obtained from the implementation of a new teaching 
approach, focuses on the use of mobile technologies for visualization and presentation of architectural models in 3D. 
The aim of this study is to assess whether this approach is better suited to the technological profile of the student 
over traditional techniques in order to improve both cognitive skills and all those related to the use of computer 
graphics techniques for managing projects and architectural models described in the academic plans of Architecture 
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 and Building Engineering degrees, according to the main rules proposed in the European Higher Education Area 
(EHEA). 
2.  Docency and technology 
The use of technology in education is no means a new occurrence. The popularization of low cost home 
computers in the early 90s and mass access to the Internet in the same decade greatly enhanced the possibilities of 
distance learning (e-learning concept), allowing access to all types of digital content: basic texts, images and videos 
as advanced three-dimensional models, and computer graphics. 
At the end of the last century a number of relevant studies focusing on how to incorporate new technologies in 
university teaching were conducted (Rogers, 2000). Based on the results of previous studies (Green, 1998), it is 
important to establish the need to include technology as a tool to complement the work and teaching agenda, to 
control its correct use, and to allow for preparation by teachers and students, taking the first step to a paradigm shift 
in technological education: the passage from the concept "teaching" to "learning". On the basis of this, in the 
following sections we will review, define and discuss the theoretical basis on which our study has been based. 
2.1. From e-learning to new technologies in the classroom 
Most previous work resources, the main objective of which is the inclusion of technology in teaching systems 
(Area, San Nicolás, & Fariña, 2010), are focused on the optimization and generation of “good practices” for creating 
virtual classrooms, distance learning (e-learning), and semi-face teaching (Kuh & Vesper, 1997). For this reason, 
these studies have focused on optimizing content for Web services, sharing Intranet methods, using center’s self-
evaluation systems and other training aspects widely developed in previous literature (Tremblay, 2006; Mena, 2007; 
Cheung, Lam, Im, & Szeto, 2009). The evolution of mobile technologies and the increasing power and 
sophistication of mobile phones, leading to the advent of Smartphones, and tablets in the last five years, have 
created a new body of research that is being carried out a thorough study into the use and optimization of these 
devices in ubiquitous training, allowing collaborative work with faculty members and other students of the 
classroom, both onsite and virtual (Lu, 2012; Parsons, 2012). 
The constant development of these digital technologies allows new models of information and requires user's 
skills improvement to manage all type of data in digital environments. These types of skills are often referred to as 
“digital literacy” (Pool, 1997), and define a new type of user called “digital natives”, people who have been exposed 
to such technology almost from birth (Prensky, 2001). As described Eshet-Alkalai (2004), we can define a detailed 
description of the main skills ranging from cognitive to motor, sociological, and emotional, that the use of 
technology offers to all types of users. Gantt (2001) defines a capacity of short-term retention of 20% of all 
information that we hear, 40% of the information that we see and hear, and 75% of the information that we see and 
participate in, a clear example that interaction and collaborative forms are more completely that classical models of 
education. 
We find a great number of solutions implemented to obtain a better education performance, especially in areas 
where the use of visual information is very important such as in the frameworks of multimedia, design, 
communication, or architecture, and in any other area of higher education. Centered in examples related to 
architectural/construction and their education (Whyte, Bouchlaghmen, Thorpe, & McCaffer, 2000; Rafael, Pérez, & 
Dueñas, 2006; Wang & Schanabel, 2006), we found studies using whiteboards, interactive books, social media and 
other resources related to the visualization of 3D models, buildings and spaces in the architecture education, as 
interactive models, spatial analysis or new 3D mobile interactions using augmented reality, one technology that has 
undergone remarkable development in the last few years (Redondo, Fonseca, Sánchez, & Navarro, 2012).   
The introduction of more user-friendly technology (such as mobile phones, tablet, social networks, etc.), in the 
learning process is an educational strategy that allows for the replacing of traditional, often boring, lectures. With 
these new methodologies the teacher is able to achieve greater motivation in the monitoring of contents and has 
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access to a new interface to share educational material that allows work to be timeless and adaptable to the 
professional technologies by the students.  
2.2. User Experience (UX) applied in education 
The main errors that we can found in any UX study could be summarized in four points (Navarro, Fonseca, 
Redondo, Sánchez, Martí, & Simón, 2012): a tendency toward a generic approach (ignoring the specific purpose of 
the study); overvaluation of expert opinion (making a substitution of the final user opinion); excessive valuation of 
percentages and probabilities (without understanding that each case is unique); and a tendency to dismiss the 
qualitative studies in favor of quantitative. For this reason, we based our study on a methodology that allows us 
precisely to identify the profile of the users (students) and their level of knowledge and adaptation to technological 
resources and social networks. From this first study, focusing on the evaluation of the pedagogical potential of a 
particular technology in a particular environment, we have proposed a series of practices and implementations 
specifically designed for their evaluation. The design of the user profile and final evaluation test were generated 
from models previously used in research focused on the teaching field in relatively similar frameworks (Martín-
Gutierrez, 2010), so that this methodology is now scientific accepted. 
Currently, examples of these errors are easy to find in all types of schools and educational centers, where the 
implementation of technologies is justified as a qualitative improvement in teaching and learning ability of the 
student. These statements are made without any UX study, generating relative truths that are assumed to apply to 
other frameworks. Our study, attempting to avoid this error, proceeds without making such previous assumptions 
and consider whether the implementation has been carried out adequately or needs adjusting. 
2.3. 3D models and advanced visualization 
One of the main problems encountered in the design phase of the experiment was to display 3D models in mobile 
devices and blogging systems easily and in free mode. Our belief is that the success of a technology-based education 
depends to a large extend on the technology being accessible, and easy to use by teachers and students. 
 The students of our faculty (the experiment was carried out with first level students of Architecture and Building 
Engineering degrees of La Salle – Universitat Ramon Llull, Barcelona, Spain), have access to free educational 
licenses of all Autodesk products, the leading company worldwide in the marketing of software related to CAD 
(Computer Aided Design) and BIM (Building Information Modeling), two technologies closely linked to teaching 
and professional frameworks of architecture and construction. In this first level the main objective is to provide 
students with spatial skills and the ability to represent 2D and basic 3D models using AutoCAD®. In the second and 
third levels the students improve their representation skills by using more advanced tools like 3DStudio® or Revit®. 
One system that enables publishing, visualization and interaction with 3D models online is the PDF3D format 
(http://www.pdf3d.com/). This format allows for great interactivity and is possible to attach inside a blog, but 
presents two major problems: it has no direct connection with AutoCAD® outputs and requires Acrobat® version 
8.0 or later, a non-free solution. There are systems that do not entail any cost, such as for example working with 
Sketchup® (with a free version downloaded from http://sketchup.google.com/ and direct connection with 
AutoCAD®), but these entail the additional need to install additional plug-ins. 
inally, the selected system improves all problems of the previous models explained: we have generated the 3D 
models directly from AutoCAD® using export tool “DWF3D”, generating a DWFx file. In the installation of 
AutoCAD® package the system installs the Autodesk Design Review®, a free program that reads DWF and DWFx 
native Autodesk formats. DWFx has similar properties in the visualization, interaction and publication that PDF3D, 
and does not need any plugging or payment software, being possible to publish inside a blog. The main advantage of 
DWFx format is the interaction with the 3D models, allowing the students better spatial comprehension using the 
configuration of different parallel and perspective views, active and inactive layers, objects, blocs, and other 
interesting tools in construction as dynamic sections (see Fig. 1).   
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Figure 1. Example of dynamic section using a 3D DWFx model. 
3.  Case study. Definition and methodology 
The study was carried out with the students of “Informatics Tools I”, a module in the first-year course of 
Architecture and Building Engineering. We divided the experience into two phases in order to compare them in a 
final discussion and analysis phase: 
 
∞ In the first, the students developed site plans, floor plans, elevations and sections of different architectural 
projects (selected by the working groups and based on the proposed agenda for the current academic year and 
course) using AutoCAD2012® (all the students have free access to a full educational license program). The 
students must print plans generated by the DWF format (native Autodesk) or PDF format. The correction of 
the plans is conducted face to face, thus providing indispensable assistance of students, and all prints needed to 
get a correct sheet. 
∞ In the second phase, students generated a 3D model of the project and both the model and the plans associated 
with it, and these were posted on a personal blog. This blog was shared with the public through a link on a 
corporate blog of the subject (http://blogs.salleurl.edu/, public access to all blogs inside “Eines de 
Representación I”), and to complete the experience the students generated printed QR codes (Quick Response), 
which have been distributed by the faculty for their public free scan and navigation to the student blog (see Fig. 
2). With this system, students and faculty are able to view and discuss all projects with the generation of new 
streams of interaction and feedback with the new changes and continuous correction deliveries. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Example of QR Codes public exhibition linking to a personal student blog with 3D models.  
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Because of publishing features that support blogging systems do, not allow access in certain formats (only image 
and video formats can be include directly in a blog), students uploaded their files in  storage media such as 
Dropbox® or Autodesk Cloud®, which allow for the public link to be exported to the files to include them in both 
html pages and personal blogs (following the same procedure using payment formats such as PDF or PDF3D). 
We used a structured test, based on previous methodologies to evaluate the student interaction and satisfaction 
(Martín-Gutierrez, 2010), with a sample population comprised of 73 students: 37 men of an average age of 19.95 
(Standard Deviation: 4.71), and 36 women (Av: 18.95, SD: 1.29). From this sample we derived a subgroup of 6 men 
and 10 women who are repeaters of the subject. Taking into account that in the previous year the second phase of 
the experiment was carried out using traditional methodology as phase 1, it seemed likely that assessment of this 
subgroup would prove an interesting means to analyze if the new proposed method represents better value. 
To assess the degree of adaptation and student satisfaction, and specifically to compare the second phase (virtual 
interactive method) with the first (classic print system), we conducted a structured virtual survey (using intranet 
mooddle system) of 22 questions, using a Likert scale in which every answer was assigned a numerical value. The 
survey was designed with two main objectives: to obtain the technological profile of the student in terms of the use 
and habits with mobile and Internet technologies, and to obtain their overall assessment of the work performed by 
comparing the two methodologies. On the other side and to assess the academic level achieved with the 
implementation of the second methodology of work, we will compare the results of this course to other academic 
years where the traditional methodology was used in both the 2D design phase and in 3D, as well as a control group 
of this academic year that has made the full process using traditional system. 
Analyzing the technological profile of users, 81% have a Smartphone (in contrast to 17% who have a simple 
mobile phone), they are more accustomed to working on portable laptops (97.3%) than on classic personal 
computers (64.8%), and only 25% of students have a Tablet device. We did detect differences in the behavior of 
men and women regarding the use of smart phones: this device is most commonly used by women (91.2% vs. 70.2% 
of men), and its use is centered in leisure time and social applications (92.3% vs. 67.4% of men). The relative 
frequency of personal computer and laptop use is more equal between men and women, and these devices are most 
commonly used for training (90.5%), leisure time (92.1%), social networking (89.7%) and other digital applications 
(86.3%). 
With these data and assuming a high degree of interest in digital applications (ranging from 1: no interest, to 5: 
high level of interest, we have a mean of 3.85; SD:0.73), and high amounts of time spent using digital applications 
daily (with a mean of daily use of personal computer applications between 2 and 4 hours), we can assume  a good 
adaptation of students to the new interactive model proposed. However, we need to verify the main results (see 
Table 1 and 2):    
 
Table 1. 2D vs. 3D methodology of theory and practice classes 
 
Phase 1 - Questions Men Average SD Women Av. SD 
Evaluate theory 2D classes 3.22 0.42 3.32 0.53 
Evaluate 2D practice methodology 3.22 0.48 3.24 0.43 
Phase 2 – Questions     
Evaluate theory 3D classes 3.32 0.53 3.19 0.62 
Evaluate 3D practice methodology 3.16 0.55 2.97 0.60 
 
In Table 1, we can observe similar results between the different methodologies applied in phase 1 (2D) and phase 
2 (3D). One difference is a small reduction in the evaluation of 3D practice system by the female students.  
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Table 2. Specific satisfaction questions about the methodology and contents 
 
1.- Compare 2D vs. 3D methodology Men  Women 2.- Degree of satisfaction  
using advanced 3D  methods  
Men  Women 
Far better 2D system 3 2 Very satisfied 9 5 
Better 2D system 
Equal 
Better 3D system 
Far better 3D system 
5 
16 
9 
4 
15 
8 
11 
0 
Satisfied 
Normal 
Dissatisfied 
All dissatisfied 
18 
10 
0 
0 
18 
13 
1 
0 
3.- Do you agree with the contents  
Of the course. Do They will be useful? 
  4.- Degree of difficulty of the 
methodology used in 3D 
  
Strongly disagree 0 0 High difficulty 8 4 
Disagree 
Neutral 
Agree 
Strongly agree 
0 
1 
13 
23 
0 
2 
17 
18 
Some difficulty 
Little difficulty 
Without difficulty/easy 
Very easy 
14 
14 
1 
0 
6 
22 
5 
0 
 
In Table 2, we can observe the results of 4 structure questions about the opinion of students related to the 
methodological system proposed. In question one, the main data is that female students prefer the traditional 
methodology using printed plans to the online 3D method. This information, in line with conclusions of Table 1, is 
corroborated with the results of question 2, with a higher level of satisfaction using the online 3D model by the male 
students. With this information, we could affirm that the lower appreciation of female students could be due to the 
greater difficulty of use for this collective (in line with other multimedia studies that affirm a gender difference 
interaction with 3D objects and models, see Pausch, Snoddy, Taylor, Watson and Haseltine, (1996)), but this 
affirmation is canceled by the answer to question 4, which might indicate the necessity of re-defining the design of 
the experiment or analyze more data. 
4. Conclusions and future lines 
A final scale to be considered in the study to provide us clear information about the usefulness of the proposed 
methodology is curriculum evaluation obtained by the students. In the following Table 3, we can observe a summary 
of the practice notes obtained this academic year (with 3D new method), and the previous academic year (2010-
2011) using traditional methodologies in both 2D and 3D phases: 
 
Table 3. Academic curriculum. 2D vs. 3D 
 
2010-2011 
n (total number of students evaluated) =  117 
2011-2012 
n (total number of students evaluated) = 94 
2D 3D 2D 3D 
5.52 (SD:1.47) 5.48 (SD:1.87) 5.00 (SD:1.37) 6.98 (SD:1.70) 
 
On the basis of these results we can conclude that the new methodology proposed and described in this paper 
helps students to acquire a better spatial understanding of their work, directly contributing to an improvement in 
their curriculum evaluation. However, according to the opinions obtained by the user survey outlined in previous 
sections, it is necessary to redesign the experiment, simplifying some tasks and starting others earlier in the process, 
most probably from the training phase in 2D (such as the creation of the blog and the uploading of practice exercise 
for viewing shared files). 
The next phase (now in design process, to execute in the second course level), will be to export 3D models from 
AutoCAD® to Layar®. With this conversion, the student will be introduced to basic concepts of Augmented Reality 
(AR), but it is necessary that some basic training in conversion tools not explained in the first course be carried out. 
For example, it will be necessary to import the AutoCAD® models into 3DStudio® to apply illumination and 
materials, export models in OBJ format, and using a 3D Model Converter of Layar® generate the AR model in L3D 
format).    
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Abstract. This paper describes the use of gamification in a classroom for higher education, 
specifically for university students. Our goal is achieve a major increase in student motivation 
and engagement through various technologies and learning methodologies based on game me-
chanics called gamification (1) (2). 
Gamification is used to engage students in the learning process (3) and stretch their retention 
of the knowledge and skills received beyond a single lecture (4). This study adds Problem-
Based Learning (PBL) and Quest-Based Learning (QBL) to students’ collaborative work, and 
mixes teacher support with new, accessible technology, such as virtual environments and visu-
alization 3D on the web thanks to webGL. 
Understanding the role of gamification in education means understanding under what cir-
cumstances game elements can drive a student’s learning behavior so that he or she may 
achieve better results in the learning process. 
 
Keywords: Gamification, Problem Based Learning, Quest Based Learning, Engage, 
3D Education, Web GL. 
1. Introduction 
The central thesis of the current study is based on two main ideas: 1) making use of 
the innovations in teaching in the university framework that involves gamification 
techniques, to achieve higher motivation and degree of satisfaction among the 
students; and 2) discovering a better way of presenting and learning 3D modeling (5). 
To achieve this second goal, two techniques are used: the first method is to 
deliver the models online, where the 3D model can be uploaded and visualized on the 
web. In this case, the technology used will be webGL and HTML5 by Sketchfab (6) 
so that 3D models can be directly uploaded on the web in a simple and effective way. 
The web allows one to visualize and interact with an object on a web navigator 
installed on tablets (Android, iOS) or desktop computer. The second method would 
utilize Unity for major 3D content playsets that the students could interactively 
manipulate, explore and share with others students. 
This type of presentation is useful for directly visualizing a model and 
evaluating it independently of the modeling tool used. To exemplify the last 
methodology proposed, the following section of the study will describe a real exercise 
applied in a Multimedia degree on the subject of “Computer Animation” at La Salle, 
Ramon Llull University, a five-ECTS-credit course that is taught annually. 
 
 
2. Methodologies of Education 
 
The working hypothesis of the current study is to determine if the experiment has 
been correctly developed so that students will obtain better academic results through 
the realization of more engaging and satisfactory tasks than the classic system of 
learning. To achieve this, we implemented different methodologies: Problem-Based 
Learning, Quest-Based Learning, and gamification techniques in the classroom (7). 
    One conceptual method that teachers employ in engaging their students is the 
TPACK model (Technological Pedagogical Content Knowledge) (8). TPACK (which 
was established around the same time Shulman’s idea of Pedagogical Content 
Knowledge came into being), describes how an activity that requires technological 
use must be integrated adequately in the classroom. It must interrelate three 
knowledge fields: curricular, pedagogic and technologic.  
 
 
 
Fig. 1. The TPACK Framework and its Knowledge Components. 
Reproducer by permission of the Publisher, © 2012 by tpack.org 
QBL is an instructional design theory that leverages game mechanics and gamer-
like learning communities to support students. Quest-Based Learning incorporates 
game mechanics and game–like learning communities into the lesson. According to 
Chris Haskell (9) students in a quest-based course received higher grades overall 
when compared to traditional courses. In both video game and Quest-Based Learning 
architectures, quests are goal oriented (or task-oriented). 
PBL (Problem-Based Learning) begins with a problem or a problematic situation 
which addresses a group of students who must work collaboratively with the support 
of a tutor to solve the problem (10) (11) (12). 
BBL (Blended-Based Learning) mixes education received at school, presence 
learning and online learning to provide a more comprehensive approach to learning. 
Gamification is the concept of applying game mechanics to any project, idea or 
situation. We focus on this technique/process in the next section. 
 
 
3. Gamification on education 
 
Engagement is the main objective in applying gamification. Gamification isn’t about 
turning the classes into a game; although the gamification technique is not truly an 
academic methodology, it may improve the performance of students in the learning 
process.  
Gamification is about applying game mechanics to any project, idea or situation. In 
our case, we want to implement some game mechanics to make learning and instruc-
tion more fun; consequently, this will allow longer retention of the material among the 
students.  
To apply game mechanics and achieve a level of fun, we must first follow some 
rules. The most important thing is that we have to create the game itself. 
In gamification, rewards can be delivered through the creation of leaderboards, 
badges, and loyalty programs that encourage students to have fun and perform a learn-
ing activity as desired by the teacher. The gamification for learning purposes, we 
think, is not only about badges, rewards and points themselves; it is about measuring 
qualification and achieving motivation. 
Students need motivation when learning; they need the feeling of accomplishment 
and success of striving against a challenge. They need to feel that they have overcome 
a difficulty, to push them forward to the next level. 
To gamify a classroom we must to follow some principal rules:  
    1) Feedback! Encourage student-generated content. Every week the professor 
should deliver a problem (PBL) or a Quest (QBL); to do that, it is very important 
provide quick feedback of the student’s work. The teacher’s role is to offer construc-
tive feedback and to help guide student learning. 
    2) Collaboration (like a multiplayer mode)! It is important for the learning pro-
cess to follow the game mechanics of multiplayer games: challenging students with 
collaborative quests with real people to achieve a common goal speeds the learning 
process significantly. For instance, the students could be challenged with exercises 
that they must complete together, and missions with group of several students that 
compete with one another. Working together is the goal of a challenge, a win-win 
strategy. 
3) Scorekeeping, levels and rewards! Any effective implementation of gamification 
is clear on the rules of the game, as well as the rewards for participation. That means 
students need to learn how to achieve recognition and how to advance. Rewards are 
just like currency; instead of monetary value, however, it’s social value—prestige and 
influence. These points translate to “badges,” more commonly known as grades.  
The clearer method is using an experience points (XP) to Class Grade method. At 
the end of the semester, a teacher could make a student’s grading scale coincide with 
his or her XP. For instance, if you dish out 2000 XP by the end of the nine weeks, the 
student would have had to earn 1800 XP to achieve an “A,” or to “level-up.” 
Levels, for instance, could be gained in increments of 1000 XP each. Each level 
could be labeled with names, like Junior Modeler for 1000 XP, Great Modeler for 
2000 XP, Master 3D Artist for 5000 XP and so on. This provides the students with 
instant feedback on their level of knowledge, and clarifies the progress that they have 
achieved in class. 
4) Quests! No game can be without quests! A quest is a task-based journey with 
obstacles that students must overcome. Here we implement a QBL methodology. So, 
what does a Quest look like in a classroom? Simply, a quest can be a class project, a 
collaborative presentation, or the designing of a webpage, to name a few. Virtually 
any activity that involves solving problems to reach a final, tangible goal could be 
considered a quest.  
5) Storyline—every video game has a storyline. In the Computer Animation class 
we will turn the class into a production firm of 3D effects that contracts different 
work to us. Several companies would hire us for modeling, texturing and creating 
animation videos for the web or cinema. A story line links the tasks together to create 
a cohesive whole.  
6) Knowledge Map— A Knowledge Map is simply a guide that illustrates the pro-
gression of the class content. 
 
4. Methodological Propose 
 
The methodological approach of this work lets the end users (in this case, students of 
first course of “Multimedia” degrees of La Salle Campus Barcelona, Ramon Llull 
University) participate in the definition of the final product. In this case a pedagogical 
proposal through methods that allow them to be creative during the design process.  
The study will be performed during the 2013–2014 academic year, with students in 
their second year of an Engineering of Multimedia degree. The experimental frame-
work was completed in the course “Computer Animation I” a 5-ECTS-credit course 
that was taught annually. “Computer Animation I” is divided into 30 weeks, about 3 
hours each week (what we value as 90 hours of classroom time), although the overall 
equates to 150 hours of work load. 
Also, qualitative methods will explore their motivations, needs and goals when 
they are learning computer 3D animation. The methods that will be applied to evalu-
ate this approach are a combination between objective methods based on an empirical 
model and subjective gathering techniques inspired by constructivism psychology 
interviewing. This way, the active participation of end users will be a reliable guide in 
establishing a proposal to enhance creativity in each end user’s field (13).  
We want to teach 3D arts using different methodologies to regular classes, or, fol-
lowing them, magistrate tutorials which are less engaging and with a slow learning 
curve. 
The actual methodology—using exercises where students try to follow what the 
teacher is explaining on the classroom projector—give good results but we believe 
that performance can be optimized much more. It can also rescue the students who are 
failing or leaving the course. This requires a lot more activity in the classroom, col-
laboration, and learning in a fun way (14). 
 
 
5. Implementation of the Propose 
 
The objective of the course is to introduce the creation of 3D content, emphasizing 3D 
modeling, texture and lighting 3D scenes, and basic knowledge of computer anima-
tion, model-driven for design and audiovisual production. 
We want to deliver one test at the beginning of the course, to ascertain the tastes of 
the students and thus get closer to their personal goals. The learning process will take 
place more often in groups, focusing on collaborative challenges and interaction with 
peers. In the classroom, we create discussions between groups, and form contests for 
each group to compete for.  
The storyline of the game that we “play” is that the class is a production company 
specializing in 3D modeling for both the toy industry and for mobile app games. Stu-
dents are "hired" to a series of jobs where they can gain experience and even money! 
Each model presented will be assessed, and students will gain XP points (or virtual 
money). Students will learn weekly how much they win. It is important to assess the 
work (15) each week and update the results on a website/blog (16) (17) (we use the 
Moodle platform), so when the student performs positively, he or she automatically 
receives a reward. 
Design of the beginning of the course: Session 1:  
We chose The Lego Group as the first firm to employ our classroom for a new 
product line of toys. 
The boss of the company (the teacher) shows the class what needs to be done, 
while the whole class must resolve some problems using a new 3D tool. For instance, 
we want the students to learn how to move, rotate, scale, snap reference, unit measure, 
clone and use basic modeling tools. 
To do this, we will deliver real boxes of Lego Creator 3 in 1 and deliver files in 
3DS max format with all pieces of Lego in 3D, to construct six objects that we will 
assemble. 
 
 
 
Fig. 2. Left: First exercise: a Virtual 3D Lego 3 in 1.Right: Organic modeling. 
 
With an interactive list (with Google docs), each student in the class will write 
what object they want to build in order to avoid constructing the same objects. Some 
students, for sure, will want to build with their own hands before building in 3D virtu-
al space. But the more practice students get with using the virtual 3D tool, the better. 
This is a good way to know how each student learns and adapts (18). 
Before starting the next class, students are given 10 minutes to resolve any doubts 
they might have, or problems with the instructions. Those who help others resolve an 
issue in this time gain XP. During this short time frame, assessment is extremely im-
portant and motivates the other students to help their classmates. The object modeled, 
the image rendered or something will be delivered via Moodle and uploaded to skech-
fab for small models. Unity will be used for large playsets for a major interactive 
experience and major share capability. 
In addition to quests, problems will be designed for students to learn 3D arts; in 
addition, the companies will hire us for three big jobs that we would distribute among 
different groups.  
For example, for the first great task, called P1, Lego will hire us to design themed 
sets, such as Lord of the Rings, Star Wars, Heroes, Cities, etc. and we split the class 
into teams of five students, where each chooses what theme they would like to take 
on. At least one student should make a character from Lego and a vehicle or structure. 
In the modeling process, the bare minimum is required for texturing Lego, Playmobil, 
Photoshop and planar mapping. 
 
If a student works in more models in their time frame, they earn more money 
which is mapped in XP points. The collaborative work is essential, and they will de-
liver the 3D scene with Unity into the web, so that one may see it with any mobile 
device or desktop platform. 
Completing a task through quests and in a collaborative way (19) is the principal 
goal in this type of exercise. All of the characters modeled by the students will be 
shared with all the other students thanks to the university’s computer server. The best 
texture for instance could receive more XP and share among others groups and stu-
dents. This raises the quality of the production and sets a strategy to win, thus engag-
ing every student to share his or her work. 
Lego and Playmobil already have a rich and varied catalog, but to avoid boredom, 
the "game" progresses in new contracts, each more ambitious and complex with other 
toy firms (Hasbro, Mattel, etc.) or app games like Plants vs. Zombies. These apps 
require more complex models, and this incremental complexity will increase the stu-
dent’s skill in 3D modeling, texturing and lighting. 
Also, we will launch different competitions and contests to encourage even more 
work at home, so the students will take their education beyond just 3D modeling, 
although we must be careful not to increase the dedication of 150 hours of work load. 
For instance, one contest could be “LEGO and ME.” The student would take a photo-
graph with his modeled Lego character, applying techniques like matte/shadow to 
create an image that shows their Lego model as a life-sized character.  
 
6. Method of Evaluation 
 
The methodology to evaluate both quantitative (through a structured test), and qualita-
tive (using the Bipolar Laddering (20), using gamification. We used two methods to 
evaluate the results in applying all methodologies: 
QUANTITY 
Will deliver at first a quest to achieve the student’s profile and tastes. 
QUALITATIVE (BLA)  
We visualize and discuss the projects realized using 3D tools and evaluate if this 
type of exercise helps the student improve their 3D skills. 
 
 
7. Conclusions 
 
In this paper we have reviewed and conceptualized teaching 3D arts using gamifica-
tion techniques in a higher education setting, specifically for university students. 
To gamify a classroom successfully the teacher must engage the students them-
selves. This type of recognition is the most important element when considering using 
gamification. 
It is much more difficult and time consuming to implement a gamified classroom 
than a preparing a traditional lesson plan. Every aspect of the class will have to be 
perfectly matched in order to provide students with immediate feedback, and to allow 
them to “level up” their skills. 
It is also important to build a storyline and use tools for the teacher to contextualize 
the game mechanics applied in the classroom. This can be achieved by introducing 
and tracking XP points, virtual money, or anything that uses scoring and evaluates the 
progress of the students. 
The use of gamification in a classroom is expected to increase the engagement and 
the motivation of students when compared with traditional methods. It is important to 
engage the students with collaborative work in the classroom, very similar to a multi-
player game in two ways: competing with one another in groups, or developing a 
team that solves one goal together in a collaborative way. 
When a teacher meshes gamification with other teaching methodologies, like PBL 
and QBL, and with technologies like virtual environments and webGL, they are creat-
ing the perfect environment for students to engage in a lesson. Not only does it in-
crease their performance on exams, but it encourages them to perform better if they 
are behind. Overall, it increases the effectiveness of the learning process for all stu-
dents.  
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This paper presents a mixed-method study that combines quantitative and qualitative techniques to evaluate the
technological proﬁle and the motivation and satisfaction of Multimedia Engineering degree students using augmented
visualizationmethods.Newuses of technology in the education frameworkhavebeen extended to all levels and sectors, but
these innovations require approval, validation and evaluation by the ﬁnal users (i.e., the students) to ensure that they are
suitable. In this paper, wewill discuss the advantages and disadvantages of applyingmixed evaluation technology in a case
study of the use of interactive and collaborative tools for the visualization of 3D virtual models in a subject related to a
Multimedia Engineering degree. The main objective is to evaluate whether our students are prepared to use the systems
proposed, and to determine if the designed experiment generates an increase in the motivation and satisfaction using new
devices and systems to visualize complex models. Results showed that the combination of mixed-methods allowed us to
obtain adequate feedback to improve future iterations of this type experiment.
Keywords: user experience; mixed method research; multimedia engineering innovation; augmented reality, motivation and student
satisfaction.
1. Introduction
The current study addresses two important con-
cepts. The ﬁrst concept is the use of technological
innovations in the university framework to increase
student motivation and satisfaction. This idea is
very important because determinate subjects have
suﬀered important changes due to the application of
rules described in the European Higher Education
Area (EHEA), such as the reduction of class time or
the compression of courses, from a duration of one
year to six months. These changes allowed us to
observe, in the early years of EHEA application,
that many students struggled to follow the contents
and structure of the subject. The second concept
involves the use of determinate Information Tech-
nologies (IT); we presume that students, as ‘‘digital
natives’’, will be more comfortable in this type of
collaborative learning experience [1] than following
classical lessons. To successfully achieve this second
goal we adopted a mixed analysis method to ascer-
tain the most relevant aspects of the experience that
should be improved both in future interactions and
in any new technological implementations within a
teaching framework [2].
While the main ideas mentioned above are not
innovations themselves, their integration into an
experiment gives them a clearly innovative charac-
ter, and there are few similar examples today [3–4].
In addition, the more innovative ideas are that the
design of the study focuses on the university level,
speciﬁcally the Multimedia Engineering degree. At
this level, spatial comprehension is very important
for the generation of visual products (e.g., 3D
models, animations, games) and also where IT
elements are very helpful and widely used. Also,
with this type of work the engineering students are
trained in one basic skill for their future develop-
ments and projects such as the usability of the
product. For these reasons, both methods, the
quantitative and qualitative questionnaires, were
designed following basic rules of usability for pro-
jects and research.
In this paper, a mixed-methods study was used to
evaluate the motivation, satisfaction and academic
performance of degree students. The methodology
is both quantitative (through a structured test) and
qualitative (using the Bipolar Laddering, BLA [5]),
and it is based on the use of Augmented Reality
(AR) to present, visualize and discuss 3D complex
models realized using CAD tools (Computer
Assisted Design). Whether this type of exercise
can help students understand and improve their
3D skills will be evaluated. As a starting point,
students will work on their assignment and compare
two ways of doing so: the traditional system that
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uses printed plans and conceptualmock-ups and the
method of using 3D interactivemodel visualizations
on mobile devices with diﬀerent generation techni-
ques. The working hypothesis to be conﬁrmed is
whether students who invest less time in the assign-
ment will obtain better academic results because
they are more motivated and satisﬁed than they are
under the classic working system, taking into con-
sideration that today the multimedia engineering
teaching ﬁeld is based almost 100% on digital
drawings and photomontages of 2D and 3D
images. Our secondary objective is to ascertain
through a mixed-methods analysis of quantitative
and qualitative data the most positive and negative
aspects of the experience, with the aim of adapting
the implementation method in future iterations and
for other subjects.
2. How to Include and Evaluate IT in
Education
The need for incorporating IT into the educational
process is particularly relevant, and is described as
being among the main roles of the EHEA, which
runs the university studies of member countries,
including Spain where this project was undertaken
[6].
The main problems with executing IT include the
following: lack of computers, poor connectivity, the
long training periods and hefty investments
required by certain tools, the belief that IT is just
for leisure and entertainment, and the lack of
support from both the institution and the govern-
ment [7–8]. For these reasons, it is easy to ﬁnd all
kinds of recent research focused on discovering and
implementing 00good teaching practices00 [9]. Under
this nomenclature, we ﬁnd complex and heteroge-
neous ways (which in many cases are not reusable
from one domain to another) of designing content,
teaching methodologies and eﬃcient uses of tech-
nological elements [10] in order to ensure successful
experiences (i.e., that generate improved curricu-
lum) that motivate and satisfy students. However,
technological innovation, which is intended to
improve the student learning process (with studies
that link the use of IT with improved academic
performance [8]), must be capable of providing
support to address diﬃculties that students encoun-
ter while using and interacting with technological
elements. To incorporate an IT-basedmethodology
into a speciﬁc teaching environment, some recom-
mendations are primarily focused on virtual rooms,
e-learning, and semi-present teaching [11–12]. From
the speciﬁc characteristics that shape these prac-
tices, four points can be extrapolated as indicated by
the following principal objectives: Promotion of
professor-student relationships, which allow for a
more eﬀective feedback process; Dynamic develop-
ment among students, which is made possible by
collaborative techniques; Contribution to better
task realization by heterogeneous learning meth-
ods, meeting high expectations; Applying teaching/
learning methods based on teaching innovation;
and new IT technologies.
These new concepts generate a new type of
student, one that is much more dynamic and cap-
able of having a more participatory role in the
educational process. This student could be called a
‘3.0 Student’, similar to the evolution of Web 2.0 to
3.0. In accordance with previous works [13], any
methodology that promotes the inclusion of IT in
teaching must have the following objectives:
 Personal production help: applications that allow
both the professors and students to carry out
tasks faster and more efficiently (e.g., calculation
sheets, text processers, draw programs).
 Content improvement: the use of tools that allow
for the notification and modification of content
rapidly and efficiently (e.g., e-mail, digital con-
tent, video, multimedia resources) without chan-
ging the basic teaching method.
 Paradigm change: at this level, the teacher recon-
figures the teaching activity and learning activ-
ities to utilize the new incorporated technologies.
Examples of educational methodologies that
have implemented the ﬁrst two objectives are
common, but it is diﬃcult to ﬁnd examples that
incorporate the third objective. Also, in practices
where the third objective is implemented, most of
the solutions involve basic tools and derived appli-
cations of an Internet connection [14]. The TPACK
model (Technological Pedagogical Content Knowl-
edge [15]) is probably already used unconsciously by
many teachers. TPACK, which extends Shulman’s
idea of Pedagogical Content Knowledge [16],
describes how an activity that requires technology
must be integrated adequately into the classroomby
connecting three knowledge ﬁelds: curricular, ped-
agogic and technologic (see Fig. 1).
The model is based on a current teaching context
characterized by a high degree of complexity and
great dynamism, making necessary the integration
of multiple knowledge components [17]:
 The curriculum, which can be understood as the
themeor content selected for technological imple-
mentation, including the objectives to be achieved
and the possible necessity of prior knowledge.
 The pedagogy, which includes the activities and
their delivery, the teacher’s and students’ roles
and the evaluation system.
Usually, teachers design educational experiments
on the basis of the technology that is available at
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their college or that is accessible to their students,
assuming (based on their experience) that the use of
new IT will be possible and beneﬁcial to students.
However, it must be emphasized that the above-
mentioned quantitative studies have small sample
sizes (quantitative studies are focused on deﬁned
variables, which are better described with a large
sample and a large number of respondents), and
they lack clear questions to identify the degree of
information that two or more variables could
provide us (descriptive, predictive or casual ques-
tions, which diﬀerentiate research problems).
These studies are typical examples of studies that
generate incomplete data [18–19], and they lack
detail and are missing variables because of the
initial design ﬂaws.
This lack of accuracy is due to the teachers’
inadequate pre-selection of questions; these ques-
tions focus on evaluating objectives, without taking
into account previous statistical assumptions,
sample size, inappropriate treatment of the data
and the possible types of errors that could modify
or inﬂuence the students’ answers [20]. The possibi-
lity of biased results provides us with a starting
point, previously used in academic ﬁelds close to
ours [21], allowing us to approach the experiment
with a mixed methodology and beneﬁt from diﬀer-
ent data analysis methods. Using complementary
qualitative research, we can obtain new variables to
study in future iterations and more detail for the
quantitative data. Meanwhile, thanks to the quan-
titative data, we canminimize the primary problems
of the qualitative research: subjectivity and no
generalizability [22].
3. 3D Information and AR in Education
In engineering education, and more speciﬁcally in
degrees such as Multimedia or Building Engineer-
ing, both oﬀered on our campus and current study
groups, the visual component is one of the more
relevant topics for students, and it is important to be
able to interpret the visual information correctly
[23–24].
On the one hand, teaching and practicingwith 3D
models and spaces, and with interactive systems
using a motivational method, are basic skills that
educators need to have mastered. Starting with the
use of PBL (Project-BasedLearning) systems before
movingonto traditional lecture-tutorial approaches
[26–28], and ending with the use of a wide range of
technologies, such as mobile devices (smartphones,
tablets, etc. [29–30]), educators are searching for
new methods adapted to the actual technology
development to enhance student learning and moti-
vation [31–32] and researching their uses, beneﬁts
and potential problems [33]. One of the main pro-
blems of working with 3D complex models out of
high level computing environments has always been
the diﬃculty in their handling. The excessive size of
ﬁles alongwith the lack of aﬀordable, high-perform-
ing mobile devices, kept the ubiquitous CAD
models far from classrooms and even from some
professional sectors. In the last decade, with the
emergence of smartphones and tablets with the
latest generation of processors, the reduced cost of
devices and services, the increase in connection
speeds and, in particular, the popularization of
Wi-Fi networks, there has been a real possibility
of doing quality anywhere. It is during this period
that concepts such as QR-Code (Quick Response
Code, created by the Japanese company Denso
Wave, in 1994) and AR have been popularized,
both of which involve the use of a camera as well
as an informatics processor, while the ﬁrst refer-
ences to this kind of technology date from much
earlier.
Currently, in Spain, 43% of users that connect to
the Internet do so from a smartphone (210% more
than in 2011). Spain is the European country with
the highest usage of this type of mobile phones
(63.2% of mobile phone users have smartphones;
the United Kingdom is in second place with 62.3%
of users, and France is in third place with 51.4%)
[34]. The navigation functions that smartphones
oﬀer, as well as their high performance in visual
content exchange between users has positioned
them as indispensable devices both professionally
and socially, especially among young people and
university students (as the current study’s data will
show, almost 100%of users in classrooms classroom
have smartphones, opening the possibility of imple-
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Fig. 1.TheTPACKFrameworkand itsKnowledgeComponents.
Reproducer with permission from the publisher, # 2012 by
tpack.org.
menting educational experiences on these device, as
the proposed in this paper).
On the other hand, as is typical with almost all
technologies, adapting content tends to aﬀect
interaction and usability on the one hand and
appreciation of the utility of the technology on
the other, which can lead to a loss of motivation
and satisfaction with the experience. The elevated
number of applications and formats make it
diﬃcult to work with a single line of products or
manufacturers [35] and render it necessary to
exchange ﬁles between diﬀerent lines of products
and formats. Using diﬀerent applications directly
impacts the methodological design of any educa-
tional experiment, because it is necessary to plan
for more time to explain the applications, reducing
time for other topics directly related to the pre-
deﬁned agenda. For example: currently in Spain,
the Autodesk1 applications such as AutoCAD1,
3DSMax1, and Revit Architecture1, are the
CAD/BIM (Building Information Modelling) pro-
ducts that are frequently used by both professional
engineer, architects and students. For RA,
Juanio1, Layar1, and Augment1, compatible
for iOS and Android, are probably the most-
used free applications. A problem arises when we
need to convert CAD/BIM models to the RA
display system because the formats are not com-
patible; new intermediate applications such as
Google Sketchup# (paid versions) allow us to
generate compatible models between all of the
working solutions.
However, thanks to the previously mentioned
technological developments and their increasing
use and deployment at all levels of our society, we
can ﬁnd that immersive and augmented technolo-
gies have been used to work with advanced models,
and their usefulness has been assessed by a great
number of generic educational experiments [36-40],
and others related to diﬀerent engineering academic
areas [41–44]. These experiences have demonstrated
the vast potential of this technology, but in educa-
tion AR can be considered a new tool, and further
studies are necessary, with particular attention paid
to the user experience, learning process and the
design of new methods for improving the motiva-
tion and satisfaction of the student and their spatial
skills [45–48]. Following this premise, in recent
years some studies have begun to research how
AR can be a useful technology in the engineering
and architecture professions, both of which involve
a high volume of visualization and interaction with
3D models. This technology has the capacity to
visualize the diﬀerent phases of the construction,
management and maintenance of buildings, which
facilitates the interpretation and understanding of
basic components [49–51].
4. Method description and implementation
The project was conducted at the CAD/BIM
Laboratory of La Salle Campus Barcelona,
Ramon Llull University. This laboratory provides
support in CAD/BIM and 3D computer models to
various degrees of the faculty:Multimedia, Building
Engineering and Architecture. The study was per-
formed during the 2012–2013 academic year with
students in their ﬁrst year of aMultimediaEngineer-
ing degree. The experimental framework was com-
pleted in the course ‘‘Informatics Tools I’’ a six-
ECTS-credit course that is taught semi-annually
(European Credit Transfer System). The course
consists of 4 h of lectures, spread over 2 weekly
sessions of 2 h each, and an additional 3 h of
practical sessions. The students also have weekly 1
h personal tutorials to address their doubts and
solve practical problems.
The basic objective of the course is to provide
students with basic skills in 3Dmodel interpretation
and reproduction in both 2D and 3D. The second-
ary objectives of the course are to enable students to
print 2Dand 3D reproductions, aswell as to explore
methods of interactive visualization, primarily
through the publication of personal blogs and the
display of models with RA at the end of the course.
A total of 34 students participated in the study (16
females and 18 males, mean age = 19.75 years,
standard deviation (SD) = 1.99).
In resume, the exercise consisted of making an
exposition to represent a group of the developed
project layouts and had to include the graphic
content (Fig. 2). The documents and information
had to be made available to the exposition visitor
through 2D codes and AR techniques on mobile
devices. Format and layout orders were established
to include text, images, and graphs to represent the
course exercises. The models selected by the faculty
were basic building models, which in a following
step will be developed in complex models by the
students of Building Engineering degree.
Students were required to incorporate the follow-
ing elements into their ﬁnal 3D presentations:
 QR code linking to the personal blog of the
student where they have published advances
and pre-deliveries in both 2D and 3D.
 QR code linking to the 3Dmodel so that it can be
downloaded to the mobile device for augmented
viewing.
 Spontaneous markings generated by the student
that overlap with the 3Dmodel previously down-
loaded.
 Rendered images of the project as well as infor-
mation about it or the authors.
Conceptually, all of the requirements have been
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designed based on the premise that students can use
free options. If we had required students to use the
most compatible formats, the exercise would have
been more complicated. Reaching this point, it
should be noted that with the increasing number
of applications, viewers, and systems that facilitate
digital design, it is diﬃcult to ﬁnd one general
solution among diﬀerent professional sectors.
Thus, the active participation of end users will be
a reliable guide for creating a proposal to enhance
creativity in each end user’s ﬁeld. Turning to Fig. 3,
we can observe themethodological process that was
followed.
This project is methodologically based on the
‘‘Student Research’’ that has been applied to the
ﬁeld of UX. Mixed methods have been regularly
applied in this discipline to achieve pragmatic
results in the assessment and improvement of the
relationship between subjects and students and RA
technologies for architecture. UX techniques are
geared toward the design of products and services,
which is an unorthodox way for us to consider the
user-product relationship. In our particular case,
the student is considered to be the user and the new
method is considered to be the product or service. In
this way, the experience is framed as the implemen-
tation of a series of tasks that allow for obtaining
and systematizing data in order to assess student
experiences and identify product improvements.
4.1 Research method and user experience
To evaluate the degree of adaptation and satisfac-
tion with the proposed method, we adopted a
mixed-method research design combining a quanti-
tative test (Pre-test or user technological proﬁle, and
Post-test or usability test), and a qualitative test
selected from UX (User eXperience) techniques, a
type of methodology historically related to and
studied in the HCI (Human Computer Interaction)
framework. This approach is important for Engi-
neering students because a great number of these
type of studies describe the inclusion of human-
centered design in their curricula [51].
Quantitative and qualitative approaches have
historically been the main methods of scientiﬁc
research. Currently, a hybrid approach to experi-
mental methodology has emerged that takes a more
holistic view of methodological problems: the
mixed-methods research approach. This model is
based on a pragmatic paradigm that contemplates
the possibility of combining quantitative and qua-
litative methods to achieve complementary results.
The value of research lays not so much in the
epistemology of the method but in its eﬀectiveness
[52]. On the one hand, quantitative research focuses
on analyzing the degree of association between
quantiﬁed variables, as promulgated by logical
positivism; therefore, this method requires induc-
tion to understand the results of the investigation.
Because this paradigm considers that phenomena
can be reduced to empirical indicators that repre-
sent reality, quantitative methods are considered
objective [53–54]. On the other hand, qualitative
research focuses on detecting and processing inten-
tions. Unlike quantitative methods, qualitative
methods require deduction to interpret results.
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Fig. 2. Examples of ﬁnal projects.
The qualitative approach is subjective, as it is
assumed that reality is multifaceted and not reduci-
ble to a universal indicator [55].
Focused in UX techniques for pedagogical pro-
posals, we can aﬃrm that the user approaching in
this discipline is mainly focused on the study of
behavioral goals in work settings. In consequence,
the task became the pivotal point of user-centered
analysis and evaluation techniques (e.g. usability
testing [56]). The empirical vision of user research
does not involve the intended user in the conceptual
design process. Few user research methods come
from experimental psychology and ethnography
and are focused on the observation and analysis of
user behavior. In this project, we intend to combine
qualitative and quantitative methods in a mixed
methodology to analyze the complex area of indi-
vidual user experiences by not only observing their
behavior but also deﬁning the causes of it. Thus, the
active participation of end users will be a reliable
guide for creating a proposal to enhance creativity
in each end user’s ﬁeld.
Of the 43 students enrolled in the ﬁrst course of
‘‘Informatics Tools I,’’ 9 students had a ﬁnal rating
of NP (Not Present), i.e., they did not attended the
classes or exams and were excluded from the study.
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Fig. 3. General Scheme of the methodological process.
We invited the remaining 34 students (which com-
pleted both quantitative tests) to participate in the
qualitative study (using the BLA interview), and we
randomly selected a balanced sample of 10 students
(5 men and 5 women) who agreed to participate. In
the following sections, we review the data collected
before discussing the results and their implications.
4.2 Main results
In the quantitative test design process, to model the
responses of implementing new technologies in
university teaching resources, there are diﬀerent
models based on the user proﬁle, which focuses on
the eﬃciency and eﬀectiveness of the course and on
the level of satisfaction/usability and student pre-
ference [57–59]. Our casewas based on ISO9241-11,
which provides several usability guidelines focused
in three parameters:
 Effectiveness, was defined as the user’s ability to
complete tasks during the course in relation to
‘‘accuracy and integrity’’.
 Efficiency, was defined as the assigned resources;
the students were asked questions related to the
expenditure of time and effort for solving the
proposed exercise.
 Satisfaction, was defined as the subjective reac-
tions of users about the course.
Our tests were designedwith twomain objectives:
to obtain the technological proﬁle of the student in
terms of his/her use and habits surrounding mobile
and Internet technologies and to obtain an overall
assessment of the work. To design the pre-test, or
technological proﬁle test, and the post-test, or
usage/satisfaction test, a structured test was used
with the Intranet Moodle system of the university.
All of the questions were scored on a ﬁve-point
Likert scale (1 = never or strongly disagree, 5 =
always or strongly agree). The model used was
based on prior recommendations from [60] and
was previously used in other teaching experiments
[61].
The user proﬁle test [62], provided a ﬁrst
approach to the main interests and the student’s
working style. We descriptively highlighted the
following items: all students (100%) connect online
at home and at the university, mainly using laptops
and mobile devices. The connection types used are
Wi-Fi (90.8%) and asymmetric digital subscriber
line (ADSL) (75.3%). Only 25.9% of the students
work with 3G Internet connections with mobile
devices. The most commonly used services are
mainly e-mail (100%), browsers and download
services (75.6%), and university queries related to
multimedia engineering (100%). The use of chat
rooms, blogs, news, or queries is less frequent
(under 25%). A total of 91.7% of the students have
a smartphone (8.3% have a simple mobile phone
with nomultimedia applications, with a high reduc-
tion in comparison with the previous 2011–12
course with 25.6%), and these students are more
accustomed toworking on portable laptops (95.8%)
than on desktop computers (33.3%). Only 31.3% of
students have a tablet device.
Conceptually, such high levels of mobile device
usage, close to 100% in the current course (Fig. 4),
indicate that students are better prepared to work
with systems and procedures online, which must be
conﬁrmed by additional questions in this round and
at the end of the experiment. Other data extracted
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Fig. 4. Technology used in 2011–12 vs. 2012–13.
from this ﬁrst study show us that about 84% of
students use computers for informational or social
purposes, and this ﬁgure rises to 90% for the study
tasks. These percentages are lower for mobile
devices, although we interesting trends can be
observed: currently, 64.6% of students use mobile
devices to search for information (an increase of
almost 20 points over the previous year), about 77%
used for them for social purposes, while the propor-
tion of students who use them for work and study is
lower (an average of 30%, still far below the 90%
usage of computers for these tasks).
Table 1 contains the principal statistics obtained
from the most directly related study questions. In
general, the students are heavy technology consu-
mers, both in usage, as shown in the previous data
and in the daily time usage, and in interest. Practi-
cally, combining the use of computers (Mean (M) =
3.83 hr,SD= 1.34) andmobile devices (M=1.15 hr,
SD=0.82), students use these devices nearly 5 hr per
day. More than half of the time is spent on Internet
applications (M = 1.99 hr, SD = 0.45) and social
networks (M = 0.91 hr, SD = 0.78); the overall
model is a work-based model, but study or leisure is
highly valued, with increased satisfaction values (M
= 4.34 hr, SD = 0.74).
However, studying the initial data about the
degree of knowledge, interest, and usability that
the student perceives in the incorporation of AR
into architectural teaching, it is perceived primarily
as a complex tool (M = 3.31, SD = 1.64), and the
students lack clear forecasts of how can it aﬀect,
help, or improve the visualization and presentation
of 3Dmodels. We obtained average levels that were
lower than the mean of four, the threshold consid-
ered as a positive prediction (M = 3.61, SD = 1.12
and M = 3.75, SD = 1.06).
The second test was realized after the second
phase of the course, prior to the review and pub-
lication of the ﬁnal marks. The objective of this
second test was threefold: to compare the eﬃciency
of the twomethods by comparing perceptions of the
2D system before and after having worked with
methods for 3D viewing, to understand the percep-
tions students on the use of the technologies for 3D
viewing (in particular, the AR), and to assess the
degree of usability in general of the content, struc-
ture and methodology of the technology (Fig. 5).
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Table 1. Descriptive statistics for main measures of student proﬁle test.
User Proﬁle Test Mean SD
New Technologies
General Interest in computers and technology advances 3.93 0.71
Time spent using computer/laptop per day 3.83 1.34
Time online using Internet services per day 1.99 0.45
Time spent using mobile services per day 1.15 0.82
Time online using Social Networks per day 0.91 0.78
Level of satisfaction using online services 4.34 0.74
Augmented Reality
Level of knowledge about the technology 3.31 1.64
Level perceived of useful related with Multimedia. Eng. degree 3.61 1.12
Predictable level of improvement using AR in presentations 3.75 1.06
Predictable level of diﬃculty using this technology 2.91 0.71
Fig. 5. Usability evaluation and student satisfaction of diﬀerent questions of the experience.
In the usability study, the percentage of neutral
answers is the largest, butwe can emphasize the high
positive assessment of almost all aspects, and in
particular the documentation and structure of the
exercise and the improvement provided by AR in
the presentation of the architectural 3Dmodels. The
only elements with low rates of positive responses,
are the deﬁnition of the ﬁnal 3Dmodels (23.5%) and
the stability of the display (20.6%).
Another result discussed after this second testwas
student perceptions of the use and usefulness of AR
as a system for visualizing 3D complex models by
comparing the system proposed with the method
used in the 2D phase. Figure 6 compares the results
obtained before and after the exercise on how the
students perceived the AR system, based on speciﬁc
questions:
Figure 7 shows the results of the comparison
between the 2D and 3D methods used as well as
the comparison between using the 3D visualization
and a blog about AR techniques.
Based on analysis of the latest data, the majority
of students did not favor one method or another,
giving aneutral rating to all the questions.However,
there was a slightly more positive perception of the
3D method versus the 2D method, both in ease of
use (where 35.2% of ratings were positive vs. 26.4%
that were negative) and in perceived usefulness
(29.4% vs. 14.7%), as well as in general (26.5% vs.
20.6%). In terms of the viewing methods used in the
3D phase, students mostly ﬂocked to the DWFx
format embedded in their personal blogs before
working with AR (32.4% vs. 14.7%), probably
because thismethod ismuchmore direct and simple.
To analyze the utility of AR, we need to diﬀer-
entiate between the proposed experiment and over-
all perceptions. While in the ﬁrst case, the values
changed only minimally (positive ratings fell by
8.4%, thus increasing negative ratings by 9.7%),
when we evaluated usefulness at a more global
level, perceived usefulness drastically reduced by
33.1%, a margin that is shared among the neutral
responses, which increased by 17.5%, and the nega-
tive responses, which increased by 15.5%. We can
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Fig. 6. ‘‘Pre’’ and ‘‘Post’’ test results for AR perception.
Fig. 7. Global perception between 2D and 3D phase.
aﬃrm that the reduction of utility observed has a
direct relationship to the diﬃculty perceived by the
students in the use of this technology, with an
increase of 29.8% (from 10.4% to 41.2%) in students
who felt that AR technology was diﬃcult to imple-
ment or use.
Our ﬁnal evaluation was the qualitative research.
The BLA method works on positive and negative
poles to deﬁne the strengths and weaknesses of the
product. Once the element is obtained the laddering
technique is going to be applied to deﬁne the
relevant details of the product. The object of a
laddering interview is to uncover how product
attributes, usage consequences, and personal
values are linked in a person’s mind (We can
deﬁne the BLA method as a psychological explora-
tion technique, which points out the key factors of
user experience, with the main goal of this system
being to ascertain which concrete characteristics of
the product elicits users’ frustration, conﬁdence or
gratitude, among others.) The BLA method can be
identiﬁed from the Socratic paradigm basis, which
was inspired by the paradigm shift in clinical psy-
chology away from constructivism and toward
other post-modern schools of psychotherapy. This
psychological model defends the subjective treat-
ment of the user, unlike the objective hypothetical-
deductive model [63]. The characteristics obtained
through laddering application will deﬁne what
speciﬁc factors make consider an element as
strength or as a weakness. BLA performing consists
in three steps:
 Elicitation of the elements: The implementation
of the test starts from a blank template for the
positive elements (strengths) and another exactly
the same for the negative elements (weaknesses).
The interviewer (in this case an academic tutor)
will ask the users (the student) to mention what
aspects of the subject and experiment they like
best or which help them in their tasks. The
elements mentioned need to be summarized in
one word or short sentence.
 Marking of elements: Once the list of positive and
negative elements is done, the interviewer will ask
the user to mark each one from 0 (lowest possible
level of satisfaction) to 10 (maximum level of
satisfaction).
 Elements definition: Once the elements have been
assessed, the qualitative phase starts. The inter-
viewer reads out the elements of both lists to the
user and asks for a justification of each one of the
elements performing laddering technique.Why is
it a positive element?Why this mark? The answer
must be a specific explanation of the exact char-
acteristics that make the mentioned element a
strength or weakness of the product. Once the
element has been defined, the interviewer asks to
the user for a solution of the problem he just
describes in the case of negative elements or an
improvement in the case of positive elements
From the results obtained, the next step is to
polarize the elements based on two criteria:
 Positive (Px)/Negative (Nx): The student must
differentiate the elements perceived as strong
points of the experience that helped them to
improve the type of work proposed as are
useful, satisfactory, or simply functional aes-
thetic, in front of the negative aspects that did
not facilitate work or simply need to be modified
to be satisfactory or useful (see Table 2).
 Common Elements (xC)/Particular (xP): Finally,
we separated the positive and negative elements
that were repeated in the students’ answers
(common elements) and the responses that were
only given by one of the students (particular
elements), according to the coding scheme
shown in Table 2.
The common elements that were mentioned at a
higher rate are the most important aspects to use,
improve or modify (according to their positive or
negative sign). The particular elements, due to their
citation by only a single user, may be ruled out or
treated in later stages of development. Once the
features mentioned by the students were identiﬁed
and given values, the third step deﬁned by the BLA
began the qualitative stage in which the students
described and provided solutions or improvements
to each of their contributions in the format of an
open interview (Table 3).
Studying the data collected using the BLAwewill
highlight the organization of the subject (MI: 70%,
Av: 8.66), the novelty andappeal of theARmethods
over the traditional 2D methods (MI: 50%, Av:
8.50), and the usefulness of the knowledge acquired
(MI: 40%, Av: 9.25). In short, the enhancements to
the methods for presenting 3D complex models in
theMultimedia degree should not bemodiﬁed in the
redesign process. In terms of the main negative
comments, students clearly identiﬁed a lack of
time or an excess of content for practical realization,
especially in 3D (MI: 80%, Av: 3.25), problems with
the applications used and their stability (MI: 50%,
Av: 3.75), as well as greater detail or more informa-
tion for the use of AR systems (MI: 40%, Av: 3.25),
aspects that we could relate to improving the pro-
cess by increasing the stability of the applications.
The main solutions and improvements proposed by
the students, for both positive and negative ele-
ments, have focused on increasing the dedication
time to various aspects developed in the subject:
time of practices (MI: 80%), exam time (50%),
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learning and practice time of the AR technology
(50%), 3D and render techniques time (50%), etc.
This is an interesting result because it shows the
motivation and interest of the students in the
methodology proposed.
5. Discussion
The initial hypothesis set in the Introduction sec-
tion, which was premised on the concept that with a
minor investment of time and the use of visual
mobile devices, students could obtain better results
through having more motivating and satisfying
experiences; this hypothesis has been conﬁrmed in
part. Although it has been demonstrated that the
use of mobile technologies and visual systems of the
latest generation are more motivating for students,
they do not reduce the investment of time because
they required more hours of explanation, practice
and debugging to create the ﬁnal projects. However,
neither the lack of time nor the need to invest more
to achieve the objectives of the course is a variable
that adversely aﬀects the experience; they actually
conﬁrms the motivational nature of the experience
and are aspects to target for improvement in future
iterations (Fig. 8).
This high implantation rate positively predis-
poses students to using these devices in an educa-
tional way, increasing their motivation to
understand course content, thereby improving
their academic performance. This hypothesis is
conﬁrmed when we analyze student academic
results in our class from the past ﬁve years.
As shown in Fig. 9, the implementation of the
EHEA, which in the case of our class meant the
temporary reduction of a year-long class to a
semester-long class and the loss of 50%of classroom
hours, marks a clear decline in the ﬁnal grades for
both 2D and 3D projects. Analyzing the structure
and contents of previous courses, the possible
causes for this decline are multifold: the lack of
foresight and adaptation of the amount of content
and its diﬃculty according to the new temporary
plan, especially during the ﬁrst year of implement-
ing the EHEA. In the 2010–11 academic year, the
students needed a greater number of hours dedi-
cated to some topics designed for annual testing (in
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Table 2. Positive/Negative Common and Particular elements
Positive elements description
Av. Score
(Av)
Mention Index
(MI)
1PC Organization of the subject 8.66 70%
2PC AR method vis. vs. 2D method 8.50 50%
3PC Utility of acquired knowledge 9.25 40%
4PC Faculty (quality/availability) 9.25 40%
5PC Improved presentation of 3D models 8.50 20%
6PC Improved 3D spatial skills 7.00 20%
7PC Detailed work in 2D method 8.00 20%
1PP Easy contents and technology 8.00 10%
2PP Digital deliverables 7.00 10%
3PP Working with real projects 7.00 10%
4PP Level of requirement 9.00 10%
5PP Blogging tasks 8.00 10%
6PP Practice and exam levels 9.00 10%
Negative elements description Av. Score
(Av)
Mention Index
(MI)
1NC Excessive content vs. time 3.25 80%
2NC Application crash 3.75 50%
3NC Blogging task 4.25 40%
4NC Exam time 3.75 40%
5NC More AR tutorials 3.25 40%
6NC Working with printed layouts 3.00 30%
1NP Subjective evaluations 4.00 10%
2NP Begin with 3D in phase 1 5.00 10%
3NP Working with groups 0.00 10%
Table 3.ProposedCommon Improvements (CI) for both positive
and negative elements and for common and particular items
Description
Mention
Index
1CI More practice time 80%
2CI More exam time 50%
3CI More AR explanation 50%
4CI More rendering and 3D explanation time 50%
5CI Better spacing of 2D deliveries 40%
6CI Promoting work with AR technologies 30%
7CI Begin in phase 1 with 3D explanations 30%
8CI More personal duties 30%
9CI More 2D explanation 30%
10CI More explanation of AutoCAD tricks 30%
11CI Explanation of more CAD & AR tools 20%
previous years) and could not learn them in a much
more short and intensive way. The high investment
of time in the realization of the non-adapted EHEA
practices generated a low rating of the course,
student motivation and academic results, clearly
indicating the need to implement new educational
systems.
Analyzing the second hypothesis, we can con-
clude that, the mixed method used has demon-
strated its usefulness as a dynamic system for
capturing information related to students’ experi-
ences with technological elements in education. In
our case, we obtained data that demonstrate how
the implementation of the EHEA opposed head-on
withmethods of learning that based on the practical
experiences of the users. By including in the total
number of credits for the course the hours that
students dedicated to personal work, the hours
available for academic work declined (with respect
to what was previously the case), conﬁrming the
need to add back the required time for learning,
practicing, and assimilating the concepts that sub-
jects taught for only a semester lack. Reduced time
leads to teaching overload or the simpliﬁcation of
the material, which both negatively aﬀect student
motivation.
6. Conclusions
In conclusion, and resolving the questions formu-
lated in the title of our paper, the students are
motivated and have access to mobile technologies
with the capacity to be used in the classroom.
However, the lack of standard systems that allow
the visualization and conversion of complex 3D
models in speciﬁc interfaces such as the mobile
devices and using AR systems complicates this
process, necessitating the investment of more time
than desired. On the other hand, 100% of the
students indicated that theywere able to understand
the workmethodology and the exchange of formats
both working in computers and mobile devices, but
they had more problems using smartphones or
tablets. Additionally, it is necessary to highlight
that the visualization of 3D complex models in
devices with screens of low resolution or of a small
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Fig. 8. Global assessment of the subject and the experiment.
Fig. 9. Academic results of the subject.
size do not generate an optimal user experience [64–
65]. This is due to the instability of the visualization,
the absence of details, or, in our proposal, the
diﬃculty of perception and the increase of the
complexity in the interaction with the proposed
3D models. However, we believe that these diﬃcul-
ties can be the result of our students’ lack of
experience of using their mobile devices for educa-
tional proposals. In these terms, we believe that a
long-term study and training that allows the users
(in our case the students) to improve their experi-
ence using new technologies for viewing and dis-
cussing educational contents is necessary.
Finally, in order to improve the evaluation of the
learning process we are designing a competency
assessment that may add or replace the ineﬀectual
results of practices and exams to evaluate academic
performance. With this method, we will have more
information about the student’s work, and we can
ﬁnd both the improvement in the acquisition of the
speciﬁc knowledge of their degree as well as the
improvement of their digital competencies.
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